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j A0. Abstract (cont-.

Obj:ective 1. Determine how '.ompzlar driven disuiavs car, besi supportl-
the p-Lo -ing and control of tactical o,)rations.

Objective 2. Evaluate proposed re:jutrerents statemeni under operaliocril
:onditions and rer.-mnvnd changes as appropriate.

-co 3 ifctivo 3. valuatethe suitability of cand:date computer driven dis-

Splay ectnnI ologi ca Iapproaches to meet proposed requirements crileria.

IThree automated display systems were ewtluated. Each system differed- in th-
itecinoiogy used to rear projeci dynamic symbolody (military symbols,

-ipi3hnumcrics, and graphic-0 onto a large screen. The systems had simillor
I hardware confiourations. Th, operation of each was con;rTolled by a mini-
-omputer which processed -idplyable _data and caused the appropriate symb.ol-.

-to be displayed orn the larqe screen and onq a cathode-ray tube (CRT) displaiy
* ' iow-le. Each system displayed map backgiound•s and formats on the larqe
S<.cr,.en bw mea.ts of OIldes. Each system also included a CRT display console

-- nd a. number of other deviccs for the input or outpul of data.
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i[3CS: AUTOI;AT[D D" SPLAY5
Test Number FM1 16

PART ONL SU-5tAAR.r AND EVALUAI'Oil

CHitJTER ! - Summary

12gose

a. The automated displays experimentation program examined three
W eandidate automated display technologies to evaluate system technical

requirements and to ascertain how automated display systems can best
support the planning and control of tactica: operations. This general

pros zs translated into three objectives:

support the planning and control of tactical op,.-ations.

(2) Objective 2. EvaluaTe proDosed requirements s'atement undei
operational conditions and reconrvmend chances as appropriate.

(3) Obiective 3. Evaluate the suitability of candidate comp1:.
driven display technological appmri~ches to meet proposed requirements•- :;r i ter |a.

b. Completion of objective I provided a baseline against which the
ME-• Nindfngq in objectives 2 and 3 coul,l be referenced. Oi.jective 2 focused

o- evaluating, refining, de+crmining, aria stating technical performance
roi• :irements for automated dif, play systemn' thai are envisioned for use
I.- 'ne cperations and inteli~enci' staft sections in division tactical
opeieziHons centers (i-T0C!),. The Jispliy rdquiremenis that were :.valu-

ated are listed in the matar el oeed (MN) document for the tactical
ope-ations system (TOS). Objective 3 ,4a5 achieved by assessinq the

- performance of the three candidate automated display systems against the
requirements stated in objective 2.

1-2. Description of Experimentation.

8i. System description. Three automated display systems were
evaluated. Each system differed in the technology used to rear nr--Jjo:t

S./namic svnbclo,;V (military unit symbols, alphanumerics, and graphics)S~onto a large screen. The systems had ,'imiitir hardware configuratlons.

The operaiicti of e,-_,t. ;,ts r-ontrolind by -a minicomputer which processed

V ,;isplayable data and caused the appropriate symbols to be displayed on

a
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the large screen and on a cathode-ray tube (CRT) display console. Each
system displayed map backgrounds and formats on the large screen by
means of slides. Each system also included a CRT display console (two
consoles with the scribe system) and a number of other devices for the
input or output of data.

(1) The scribe systfem used commercial hardware components and was

developed by the ,rthrop Corporation. Dynamic symbology for projection
onto a 5-foot by 5-foot screen was computer generated and mechanically

_ etched on a meta, coated glass slide, b one of two scribing projectors.
Two reference orojectors displayed map Dackgrounds, and a spotting
projector displayed a marking cursor. Each of the five projectors was

=- capable of displaying symbols in one of six colors: red- green, blue,

orange, yellow, or white.

(2) The CRT system used commercial har dware cuio,-pents and was
developed by the General Dynamics Corporation. The system used two
cathode ray tube projectors (one red and one green) to display dynamic
symbology on a 5-foot by 5-foot screen. Wap backgrounds which were on
•5-millimeter slides were projected onto the screen by a carousel projector.

(3) The photochromic systam was a militarized system that was
developed for the United States Army Materiel Commanc1 - ElectronicsIR Gommand; (USAMi•-ECOM) by the Singer Librascope Corporation, An ultra-

S(_ violet laser provided a beam of high energy which was pos•ieoned oy
deflection mirrors .o form the dynamic symbols on heat !:_en .. 0itive photo-
chromic film. The generated symbols were illuminated b,, a ;v•sion projec-
tor fa.p and projected in blue onto a 6-foot by 4 !/2-fXt screen. A
second (b!-e-green) laser was used to display a marking cursor.

b. Test methodology. A brief description of how each experimen-
-tation objective was accomplished follows:

(I) Objective I - Determine how computer driven disp!ays can best
support the planning and control of tactical operations. MASSTER test
reports, studies, field manuals, and other documents were researched in
order to identify in general terms th.,se tactical operations center
(TOC) activities that used displays and to determine what those displays
were. Based on this research, a questionnaire was designed and distrib-
uted to representative user personnel in units at Fort Hood. The replies

k were used to Identify the information display requirements of those TOC
activities which used displays. The net result of this entire ef'ort
was thr identification of poienitai automated display users and their
curren1. (manual) display requirements.

(2) Objective 2 - Evaluate proposed requirements statement under
operational conditions and recommend changes as appropriate. An evalua-

F tion of the data gathered during the experinent was used to identify and

155 ____



W

qualify the performance requirements for automated display systems. Tiie
following factors were considered in the evaluation:

(a) The group display device and analysis console component char-
acteristics stated in the MN for TOS.

(b) The current (manual) display requirements derived by completing
objective I.

(c) Data collected during the 2-week ccvrnand post exercise (CPX) *
portion of the experiment.

F (d) Component performance deia collected during the performance
testing portion of the experiment

(Ie) Specia: eva!uatr c ocrr.ts.

(f) Data obiained from research of display sy-terrm literature.

(3) Objective 3 - Evaluate the suitability of candidate computeu
driven display technological approaches to meet proposed requirements
cri feria. Pirformance data collected during the performance lesting
portion of the experiment was evaluated against ihe requirements derived
•rom objective 2.

(4) Each of the three experimentation objectives was subdivided
into subobjectives. Analysis of the suhobjectives led to the identifi-
cation cf essential elements of analysis (EEA's) which asked the basic
ques"ions. Related EEA's which could best be answered together were
qrouped into discrete tasks called work segments. Each work segment was
; coMplete package. The packages included detailed procedures for data
collection, appropriate system inputs, data collection forms, and data
reduction procedures. Part three of this report contains the subobjec-
lives, EEA's, and work segment descriptions.

(5) Twenty-two wrk segments were identified. Three of the work
setjmenis required the display systems to receive and display data from

The developmental tactical operations system (DEVTOS). One of the work
segments was a 2-week CPX during which player personnel used two display
systems (scribe and CRT) to assist in performing G2, G3, and battlefield
S;nformafion, coordination center (BICC) activities in a CPX environment.

(6) Throughout the experimentation period, special evaluators from
agencies outside of MASSTER observed the portions of the experimentation
which related to ihei,- field of expertise and provided comments that
contributed to both the experimentation and the findings. These agt-'ies
included Project Managemeni Office, Army Tactical Data Systems; C.mpu~er

d D
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Systems Command; Arty Research Institute; Defense Mapping Agency; Army
Materiel Comman,I - Electronics Command; Engineer Topographic Laboratory;
and Combined Arms Combat Developments Activity.

(7) The experimentation was conducted in the Command, Control, and
Commun'ications Directorate workshop area during the period 12 February1973 to 9 January 1974.

91-3. Findings.

a. Objective I: Manual display requirements. A summary of the
findings which pertain to tho identification of potential automateddisplay users and their current (manual) display requirements follows:

(1) The division, brigade, and battalion TOC activities which use
i information displays are identified in figure I-1.

SDivision Brigade Battalion

R C2 (Operations-Plans) S2 S2
G2 Air S2 Intelligence Team S2 Intelligence Team

_ G2 Intelligence Team (BICC) (BICC)
(BICC) S3 S3

G3 (Operations-Plans) S3 Air S3 Air
G3 Air Fire Support Coordin- FSCC
Fire Support Element ation Center (FSCC) TACP

(USE) TACP
Airspace Control

Element (ACE)
Signal Intelligence

Support Element/
Electronic Warfare
Element (SSE/EWE)

Tactical Air Control
Party (TACP)

Figure 1-I. Activities that use information displays.

(2) The majorit-y of olvlsion, brigade, and battalion TOC: activ-N Ities use displays for rapid access to frequently r-eferenced information
to assist in planning and coordination. Intelligence c-tivities use

V displays to assist in analysis. The majority of these aispliys require
updating at least hourly. The number of required information displays
range from 4 for the division and brigade TACF to 19 for the division G3
(Operations-Plans). The situation map is the most universally required

7 display.
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(3) MI.p backgrounds are required for division, brigade, and
battalion TOC situation displays. The level of del-ail found on the
present standard military map is not required for many of these dis-
plays. The amount of map detail required depends on the specific
purpose of the display. Since maps with lesser detail are not in tho
current inventory, the mip meeting the requirements of most TOC users i,
the standard military topographic map.

(4) The preferred map scale for use in the division, brigade, and
battalion TOC is !:50,000. At the division level TOC, a secondary
preference is the 1:100,000 map scale.

(5) The number of cniors used for disp!aying '4ynmic data is

dependent on the requirement to readi', distinguish between various
information categories. Survey results from division, brigade. and
battalion TOC users indica~e that mot situation displays require throe
culors (usually blue for friendly, rod for enemy, and black for control
measures). Black is also used on a contrasting background to depict
letters and numbers on TOC charts. The colors presently used to depict
topographic symbols on the standard tactical map sheets, as discussed in
FM 21-31, are satisfactory at all TOC levels.

(6) The brigade and battalion IOC users prefer situation display, _-
approximately 4-feet high by 4-feet wide. Division users prefer a di1- t
play approximately 4-feet high by 5-feet wide. Chart or tabular stat.is

displays are approximately 3-feet high by 3-feet wide.

(1) The number of simultaneous viewers of displays during norma!
operations for the division, brigade, and battalion roc is approximatoly
four. For formal briefings the number of viewers depends on the echeton;
up lo 10 at battalion and up to 20 at brigade and division.

(8) The division, brigade, and battalion TOC's require from one to
five copies of most overlays. The reproduction time required for the
majority of division TOC overlays is approximately 15 minutes, Survei
respondents indicate that a hard copy reproduction of approximately one-
half of the essential division TOC overlays would be desirable for
purposes of reference and dissemination.

b. Otjective 2: Automated display system requirements. The
findirgs for this objective are in two categories: findings which
relate to automated disrp'y systems in general and findings which state
the sDecific technical pbformance requirements for the deviceG of an
autoiated display system.

(I) Automated display systems, general. An automated display
system must in+egrate hardware, software, and the use4 for whor1 the
software and hardware are designed. It is the user and his mission
accomplishment which must be supported.

8



(a) Hardware. The NV for TOS identifies the group display device
(GOD) and the analysis console (AC) as the devices required for display
and manipulation of data in a TOC. The GDD and the AC are controlled by
the TOS central computer. A brief description of the role of each
device is provided below. A discussion of the experimentation findings
relating to the hardware components of an automated display system
follows the description.

I The GOD has a large screen (4 by 4 foot minimum; 6 by 6 foot
maximum) and is the primary operations and planning display device. The
GOD portrays units, locations, boundaries, and zones or areas on a
tactical map background. The GOD includes the overlay reproducer as a
subcomponent to provide transparent overiays from displays on the GOD
suitable for use with standard Army maps.

2 The AC provides the man-machine Interface between the user and
the system data base. It operates as a graphical display similar to the

SGOD and as an alphanumeric input-output device. The MN for TOS does not
specify a capability for transfer of displays between the AC and thr
GOD.

3 Experimentation findings show Two basic hardware components are
required for any automated display system used in a division TOC. The
first is a Iccal display processor which allows for the receipt, storage,
rntrieval, display, and manipulation of data. The processor also con-
trols the operation of the hardware cmiponents of the display system.
The funcrions that the processor must perform dictate that it be separate

f frorn the TOS central computer and that it be dedicated solely to the
operation of the display system. It is inefficient and impractical to
require the TOS central computer to do the display data processing as
well as controi all the devices of the system. The problem is com-
pounded when a number of display systems are linked to TOS, thus ,ru#Ti-
plying the total number of devices to be controlled. The separdte display
processor is not only more user responsive, but it alqn acts as the
sing!e point of contact for interaction between TOS and the display

S* system. The display processor also facilitates "stand-alone" operation
of the system and provides a built-in continuity of operations (CONOPS)
benefit.

4 The second basic hardware component of an automated display
system is the interactive graphic display console. This component is

Sthe primary user device for the display of, and interaction with, com-
puter stored data. The consolc features which make this possible are a
display surface dedicated to the presentation of displays for a specific
Suser; the controls, such as a keyboard, joystick, and light pen with
which the user can recall, create, modify, or delete displays; and a
positive visual feedback on the display surface which allows the user to
monitor display manipulation.

9 3
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5 An automated display ,ystem from a hardware point of view covl-ijin'
basic components (i display procosscr and one :'!- more. interactive q4aphi:-
dkplay consoles) ar'd other hardwar, Components (peripheral do-v~cE ) -
required to meet particular user needs. Figure I-2 shows how hardwore
components could he rcnfinured ;or a display system supportinq ,.rn c-
the division Gi. To support an additional usLer such as the G2, the
fiqure would also show dedic~ated intpractive graphir display console-
for Whe 62. Other peripheral do.vic(s that thk. C2 requires would be
addetj if sharing ihe use of a periphoral device (such as the printer
fr the receipt of messaqog: cr th- nimap overlay input device for input-
ting overlays to the systm. ;-- un.atisfactory.

AUTWOMAID •D•lSLAY SYJTEM

TO PA DI ISPLAYDVC ( LARGE CEN

/(•I NPUT DEV ICE...)

DSLYMPOVERLAY

TOS lDISPA POELY--

PROCESSOR OUTPUT DEVICE

SII~mI~r~m IPRINTER

ALHAUME',t'C

G3 DISPLAY CONSOLE
INTERACTIVE
CRAPHIC
DISPLAY

UCONSOLE ( S) 0

t0 Direction of Data Flow

Figure I-2. Type hardware configuration

6 In fiqu;re l-: the interaclive graphic display con~oles are the
primary di-play dovir•s. The gro,jp display output device (!ilrqt scrp-n)
is ihown a5 a periphral output device to be included in the cenfiquratin
only when anticipated usaqe .justifit-s its inclusion Control of diq-
plavs on the lmrqe s-rrr-en is accomplkihed through an interactive graphic

10



I
display console. Displays to be vlew••d on the large screen are first

rcomported on t"e interactive graphic display console, then transferred to
the large scr.eon: This role of the group dispiay output device was
determined from d6ta provtced by users and special evaluators throughout
the experimentation period and was initially Identified from two obser-
vate-,ns during the CPX portion of the experimentation.

Da ur? ig ,-he CPX, the primary ube of the large screen on both the
scribe avd CRT sys.tems was for briefings. Although situation displays
were portr/yei on the la-ge s-.reens whern they were not being used for
t.'riefiogs, the analysis co-,ole (edtling csnsoie In 1-he scribe system)
was where the attention of key players was focused, where displays were
liaipclated, xid ibWe-e player reception of and reaction to Ircoming data

occu*rred.

b The G2 and G3 sections formed 3 player group and used one
systeg, while bnother player group (the BICC) used the other system.
Since. each 9ystem had only tne usaele console (the scribe system had a
second console but its use Interferea with 1he first) and one large
screen, the C2 and G3 players were forced to she-e these devices. The
major~ty of player comments lndia ed thatr The console display, althoigh
sa I ler, was 3atisfaclory zT.J was preferred over the large screen dis-
play mainly because tl'e player coulo "do" more at the console because it
was interictlve. *he commeyr•s also overwhelmingly favored separate,
dedicated consoles for the G2 and G3.

7 The group disilay output device was not found to be an essential

part ý3f livsion ;eveal tactical display systems, lK-mever, experimen-
IF tation flindngs ao not nullify it as a potentially useful component of

an automated display system. When current displays on a console need to
f, e viewied by a large number of people during the course of a briefing.
a device which provides for rapid display trensfer and has a scrtere
larger than tha+ available on the console may be justified. When the
devicr, is nor bei.-q jsed for briefings, it can be used to display the
curreft situ3+lon for the benefit of all TOC personnel and visitors from
other hcedqtarters.

8 -The req•Urement for a group display output device for a display
system should be based on a cost-benefit analysis. The expected advan-

S;e.gee must be considered against the additional volume, weight, and
ScomleXity imposed on the system. In each of the three systems eval-
uatfed, the large screen display components constituted a major part of
the system's total volumee and weight. Since the display system is
expected to be housed in a vehicular-mounted shelter, volume and w-E•;hi
considerations will impact upon the number of shelters required and thp
overall system mobility.

CI



9The experitm-entatlon findings velafing to the roles of the I nter-
actlZ_ graphic displov consol%% arnd'the grou-p-display output devlce-

Indiate8 r~hlt-~TpTainhrsfs from! vl-~giJflZ1innth Phrfl as.u the

-contra I- dom' nant compiitent of an automatsd di sp lay -system -to stressJi ng
that -the p1rocesaor and the I nferaztivt- console form~ 11~e he-art of the
display systefil. -

(b) Software.. The ýey to user, acceptance of at-% automated _d IsplIay
sysiem Is-proper de'iln~ten of user requirements. Freting the-requi-re-
rients ;s heavily softwarts deperdent. Suitable thardware- Is avail-able or
can bo) dov#oitoped-, but wha*, -the hardw-are Is ablo t-: do for the Uwsr- -is
le-gely a function of the sofl'ware (i.e., the rouil nes--thbt perform-the
display fun~t4ons which aid the user irh accomplishing his rnlssiofi).

I After usar requirenents have boeon defined, software should
recelve-first priori'ly In the devefopment oi an automated display
system. Th'is does not mean that initial emphasis is to be p~aced-on
developing detailed logic flow dlagrams. Rather, detailed ants Wes-
should be obtained ?or tie question: "What procedures7 souid- 4 06
designed to permit the user to meet his requirtments wittk -axImum -ase?"'.
The answers shouid define the-software required. The softwarfi--ill
provide vital guidafice conc~erning hardware type-and configurefioliv..

2 This approach defines the user's needs and identifies the soft-
ware required to mee' t-hase neevds before the hardware Is- procured. The
logic of this appro-ach Is better than the conmon Pr-actice of buying the
hardware and then desIgnir,, software to fit the hardware. Additionally,
software comprises the bulk of isystem development cost,, and therefore,
should receive priority.

(c) User. The Individual who will actually use the equipment. in
the field Is the most Important element in successful design of an auto-
mated sysý*em. The quest'ion asked In subparagraph (b) above can best be
answered by this individual. His commients must be acTively solicited by
the hardware and sofetware designers In all stages of system development.
Violation of this principle could result in the fielding of a system
which may be rejected in favor of the current manual operation because
!t does not do what is wanted, is too =x.'plicated to operate, or Is
simply too cumbersome.

I An automated display systee. must satisfy different users -in a
TOC. The division G2 and G3 are considered separate users since they
have different Information requirements. For example, tho 133May-_be
concerned with monitoring the maneuver of friendly units of battalion
size and larger within the division area of operations. The G2 mray be
Interested In an area different from that of tha G3 and-may require the
display of particular enemy units and weapons: located in his area of
interest. User requirements will dictate tho ha;.ware configuration of
an automated display system.

12



- 2 Automated display systems have the potential for easing the

userti transition from manual to automated operations, because they
pf-.sent displays much like the user now employs. The display of data by
an automated display system Is preferable from a user standpoint to
receiving the same data as computer printed copy for subsequent map
posting.

3 The following quote from Parslow, Prowse and Green1 is an
excetTent discussion of the role of an automated display system and
particularly the Interactive graphic display console. The application
characteristics cited at the end of the quote are exactty those for an
automated-display system in a tactical operations centerl

"GraFhic data processing provides a common language of
graphics and alphanumerics between the man and the computer.
A man normally thinks in terms of sketches, drawings, graphs,
letters, characters, and numbers. A computer operates in I-
terms-of bits, bytes, and registers. This makes it difficult
for the man to cow jnicatewithi th,W comip•Jter. Ain the past,
the burden has been on the man; namel-y, he has had to coner•r • -

all of his ideas and -thouhts to letters, numbers, and a-fe-w
special characters.- The computer, in turn,-conversed back-
with the man In the same medium. With the advent of graphic 3-

data processing, the man can work in thd drumn__hea understands
best; the computer can continue-to work -1 theedium it -

understands best, with the graphic-display console acting-
as an interpreter between the tow-. This new dimension In
man/machine comminhcation has proveld to he of val.o In
applications wher.- Graphic representatlo-_ Ts of assistance

in the performance-of the application, or Rapid furn-around
time Is required, or Human -imagination, .iudgement, or experience,'
is require-Iin the solution of the problem.

(2) Specific technical performance requirements.. The major
requirements that specific devices of an automated display system must
meet are described beiow:

(a) Interactive graphic display console (individual display).
Data from the CPX portion of the experimnntation points out that user
acceptance of an automated display system is greatly influenced by the
ease with which the user can communicate (interact) wth the system. The
interactive graphic display console i3 the primary user device for
performing this- interaclion. -The availability and flenithility of the
Interactive capabilities and the degree to which the-capabllitles
facilitate communication between The system-and the user are major
factors affecting The console's usefulness.

Compu.te GC-Aaphic, R.D. Parslow, R.W. Prowse, R. El liot Green, Plenum
Press, 1969.
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rI -The minimum interactive capabilities required for the graphic

display console are listed below:

a The console operelor must be ab!e to manipulate (add, delete,
"correct, move, or offset) any data, item in a tactical situation display.
Immediate-visual feedback of the 3aerator's actions is required for all
manipulations.

b The console operator must be able to store and display data

items by category. When a nmw data item is added to the system's data
base, the system must allow the user to specify which categories the *

data item is to be stored and displayed under.

A• c The console operator must be able to store display scenes for
lat.r dlr-ply and be able to manipulate the data items in any recalled
scene.

: d The. console ope-ator must have the ability to obtain additional
-data on 4ry dtsp'ayed iteem upon request. Data i.tems in tactical situa-
' "lion displays frequently have associated alphanumeric data (e.g., date
time group, freO text comments) which normally is not displayed with th'-
s ymb I -l that represents the item; however, this information shouId be
readil a.val-labte when desireyd

2 The primarf purpose of 'the inleractive graphic display console
is to-present tactical situation displays. The d'splay consists of two
parts: a map background and the dynamic symbology which Is superimposed
upot jtheý background.- The minimum map background capabi I ities required
lor the interactive craphic display console are listed below:

a The IonsOe must be capable of displaying map backgrounds for
comprohenslon of the overall tactical situation, for more detailed
inspectionlof the terrain at or-in the vicinity of a superimposed symbol,
and ftr selective terrain analysis without superimposed symbology.

0 -The user should be eble to tallor the map background to the
tactical situation. He should be able to specify the area of coverage
by providing the console with the coordinates of any two diagonal corner
poinT$S. He should also be able to specify the desired level of map
detail by being able to display particular map features (e.g., grid
lines, roads, rivers, contours) individually, or in combination, for the
defined area of coverage.

c When the console operalor changes the map area of coverage,
dynamic symbology must be automatically displayed at the appropriate map
locat Ions.
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3 The minimum dynamic symbol capabilities required for the inter-
active graphic display console are listed below:

a The console must be able to display alphanumeric characters,
selec~ted FM 21-30 symbols, symbology added to the symbol gene-rator hy

the user, circles, ellipses, and freehand graphics such as symbols for
boundaries and axis of advance.

b A minimum of three colors is required. Three colors allow
friendly, enemy, and control measure symbols to be color coded. Four lo
six colors are desirabla.

4 Displays on the console must be viewable. Viewability encom-
passes legibility of the dynamic as well as map symbology and ccmpre-,
hensibility of the display. The minimum requirements pertaining to
viewability for the console displays are listed below:

a The operator should be able to easily identify any dynamic or
map symbol on the display while working under normal office lighting.
Full legibility with desk lamps only at each work space is marginally
acceptable; To assist in achieving full legibility, the brightness of
the dynamic data and the background must be independently controllable
by The console operator. In addition, the colors selected for the
display of dynamic symbology must have high contrast to the backgrounds

f• the symbols will be displayed upon.

b The console display area must be large enough to display an
overall division tactical situation (as a minimum, control mea~ures and
friendly units of battalion size and larger) with a minimum amouri-of
symbol clutter but must not be so large as to cause the operator undue
eyestrain or head movement.

5 Dynamic symbois superimposed upon the map background must meet
user placement accuracy requirements. Current ,tanual procedureF for
plotting symbols against the 1:50,000 scale standard military map have
an inherent plotting accuracy. The average individual updating a map in
the TOC will, with few exceptions, position a given symbol within !00

K•i meters of its specified map location. Most display users in the
operations and Intelligence sections of the TOC are concerned with the
effect that symbol placement accuracy has on the evaluation of the
positional relationships of the displayed symbols. While some users may
require greater accuracy, the inherent accuracy of manual map posting is
acceptable to most users in the TOC. Data Items superimposed against a
map background on the interactive graphic display conso'e must appear to
the viewer to be no more than 100 meters- from the specified map location.

Wb) Group display output device. The primary purpose of the group

display output device is to present-displays of the overall dvision
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tactical situation to an audience of at least 20 persons. The display
is first composed and displayed on an interactive graphic display con-
sole before being transferred to the group display device and consists
ofe two parts: a map background and the dynamic symbology which is
superimposed upon the bdckground.

I The minimum map background capabilities required for the group

display output device are l*sted below

a The device must be capable of displaying map backgrounds for
comprehension of the overall tactical situation.

b The map backgrounds displayed fcr comprehension of the overall
tactical situation must be identical !- fhose used on the interactive
graphic display console for the siine purpose.

2 The minimum dynamic symbol capabililies required for the group [
display output device are listed below:

a The device must be able tc d&splay the ;dentical alphanumeric, I -

military unit, and graphic symbols required for display on the console.
The symbol style and proportion must match that on the console.

b A minimum of three colors is required. Three colors allow
friendly, enemy, and control measure symbols to be color coded. Four to
six colors are desirable.

3 Displays on ihe device must be viewable. Viewability encom-

passes legibility of the dynamic as well as map symbology and compre-

hensibility of the display. The minimum requirements pretaining to

viewability for the group display output device are listed below:

a Each person in the audience should be able to easily identify
any dynamic or map symbol under normal office lighting. Full legibility
with ambient lighting set to the minimum required for note taking is
marginally acceptable. To assist in achieving full legibility, the
brightness of the dynamic data as well as that of the background must be
independently controllable. In addition, the colors selected for the
display of dynamic symbology must have high contrast to the backgrounds
they will be displayed upon.

b The display area must be large enough to display the overall
division tactical situation (as a minimum, control measures and friendly
units of battalion size and larger) with a minimum amount of symbol
clutter but must not be so large as to cause the audience undue eye-
-strain or head movement.

4 Displays on the device are transferred from an interactive
graphTc display console. Therefore, requirements which facilitate the
transfer of displays must be met. f
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a Rapid transfer of displays is required to preclude audience
incon-ven!ence.

b Oce the tratisfer of a zcene from the console to the group
dispiy has been accomplished, the scene on the group display must be
displayed Independently ol display scenes on the console in order that
the console be free to display other scenes.

5 Dynamic symbols superimposed against a map background must meet
user '!acement accuracy requirements. Data items superimposed against a

map background on the group display output device must appear to the
viewer to be no more than 100 meters from the specified location.

(c) Map overlay input device. The main purpose of the map overlay
input device Is the Input of freehand graphic data such as that found on
an operation overlay (e.g., symbols for boundaries, objectives, phase
lines). A secondary purpose is the highlighting of map data (e.g.,
roads, rivers). Either use of the device requires that the overlay or
the map sheet be placed on the device and the data be traced or input to
the system in some manner.

I A primary requirement fcr the device Is ease of use. The pr'-
cedures for registering the map sheet from which the overlay or map data
is to be traced and the procedures for input of the data must be simple.

ola Map registration must be performed by providing the system with
only The coordinates of any two grid Intersections diagonally located in
relation to each other. Once registration is accomplished, reregis-
tration should not be required until a new map is used. The map must
not have to be exactly centered and vertical.

b Data Items should be input by Indicating the series of points
which-define each item. As each succeeding point of a data item is
selected, the resulting cumulative line segment should be automatically
connected and displayed on the Interactive graphic display console.
When Inputting an item, the user must be able to specify the type of
line desired (e.g., solid, dashed), the category that the item is to be
displayed under, and the color of the item.

2 The device must meet user requirements for area of map coverage.
The d~vice must be large enough to accommodate ine r!r-p area of coverage
for the majority of division tactical situations. Experience Indicates
that this area Is at least 50 kilometers by 50 kilometers. The size of
this area on a scale of 1:50,000 (the scale of maps most widely used in
the division) is I meter by I meter.

3 The device must also meet user requirements for accuracy of the
Inpuf-data. The map background used on the map overlay Input device
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must -e reilstered so that a data Item entered as a serins of points on
either vnie overlay or the map itself, when displayed on the console or
group display, has the points displayed within 100 meters of the points
entered tcru -!',e device.

(d) Maz, overeay output device. The map overlay output device
provides nard c'py ,I interactive graphic display console scenes.

I Fhe outpuý' hn the forn of an overlay for use with standard
paper maps, ::,ust ma.,t the following requirements:

a The devic., sho.>d have the ability to provide output to any
scale-desired. As a mifimum, the operator- must be able to specify
scales of 1:25,000, ;:50,100, 1:10,000, and 1:250,000.

i b The output size must ba large enough to accommodate the map area
of co7 erage for the majority of division tactical situations. Experience

!indicates that this area ýs -at lea-t 50 kilometers by 50 kilometers.

The size of this area on a Sale o' !:5C,000 (the scale of maps mostwidely used in the di'ision) is I menier by I meter.

c The overlay must be output on -raensparent material. However,
this Ts not intended to exclude output on other material such as paper.

2 The overlay must matcn the scene disiayed on the console and
must meet the following requirements:

i The device must be capable of outputlin1 The Identical aipha-
numeric, military uni-, and graphic symbols required for display on the
con~zole. The symbol style and proportion must match that used for the
console.

b A minimum oi three colors is required. Three colors allow
friendaiy, enemy, and control measure symbols to be color coded. Four to
r•ix colors are desirable. Color :election should be based upon obtain-
ing a high degree of contrast In relation to the map backgrounds the
overlays will be displayed against,

3 Output from the device must be timely and must meet user accuracy
requ i rements:

a The device should be capable of multiple copy output. Mul'!ple
copy output must be rapid Pnough to preclude user inconvenience.

b The data Items on the overlay, when placed over the appropriate
map. must be within 100 meters of the correct symbol locations. Whil•
this occuracy is tolerable for most uses of the overlay, oher uses
(P.g., targeting) may require greater, arcuracy.

18



(e) Printer. The printer provides hard copy cf alphanumeric data.
It must meet The follow;ng requirements: j

I The printer must have the capability to print the 61-cnaracter
AmerlEan Standard Code for Information lnterchr"oe (ASCII) set.

2 The printed characters must be fully legibia in =t*;ent light as
low ai the minimum required for reading high contrast or well-printed
material.

3 The output must be sufficiently rapid to preclude user Incon-
venie7ce and should be the standard 8-inch by 10 1/2-inch size +o
facililate reproduction by existing equipment.

4 The print area must be visible to the user to preclude the
possiblity of output not being noticed or of having to advance the page
to read newly reweived data. I

S~.if) Alphanumeric display console. The alphanumeric display con-

sole is the primary device for the input, display, manipulation, and
transmission of alphanumeric data,

I The operator procedures -or the functional capabilIties of-the
SconsoTe must be easy to use. The procedures rebomended for the Inter-

active graphic display console exemplify the degree of simplicity and
user convenience desired.

2 Displays on the console must be vkewable. Viewability includes
legibTlity of the dynamic 3ymtbology as well as comprehensibility of the
display. The minimum requ'rements pertaining to vieweWlllty for the
alphanumeric display console are listed below-

a The symbols required to be displayed on the console are the
64-character ASCII set. Message formats as well e tabular chart out-
lines w.III 4so be dispi3yed.

b Two colors are desirable. The second color allows message• forma~s and tabular chart outlines to be readily disttnpulshable.

- Displays on the console must be fully legiLle under normal
offIce lighting.

d The screen should be sufficiently large to present the required V
alphanumeric displays, but should not be so large as to cause undue
operator eye and head movement.

c. Objective 3: Performance of evaluated automated display _systems.
WE+1
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(I) None of i'he thret candidate sysjsres evaluated during the
experimertation fully met all of the require ntn0! determined in
objecti"e 2 of the experim ni't ion,

2 ,t Evaluatei :ol Acct'•,,. M'h ,erfoim,:,,, U the Ihr,,e si-,lems
"demonstrated that aveilable h,:rdwa-e and so-fti:re technology ha\, !he
potential ±c meet the automataý, di--play systpr, techrical perforlz,(uicoý
requirements described in this r;pýort These pe.rformnance requirements
should ba ,,sed as +h&. basis -"c., .'t!tier evcwlu,'1 tjoy developinei; of
automatedi display systems.

(3) The CRT system dnmo.'nst,-at .,, +he best', performance overall. Thýe
performance was atfributat,(. p c '- +!i. ,,i•.rs .offware dc,-i r
which provided more capabi lily ad f;, xil.i litt, in the display a'.d manipiL-
ulation of data then was 'dkmo,!:•tra.cd I -i • "ior two systems. The
performance of the CRT system wasi enhanced by Vhe use of a magnet!c disk
storage unit which a!Iowtd'fcr a greater number of lisplay mutiries -har.
were provided by the other two sstwms,,. The routines were rapi,11 y
accessible by the display processor and ware called upon as required.

(4) None of the devices evaluated met all the requirements spec-
ified for the device. However, the devices of each system which demon-
strated the greatest overall capability in meeting the requirements
specifind for the device are shown in fiqure 1-3.

Interactive Group Map overlay -Map overlay Printer
System graphic dibplay input ou+put

display output device device
console device

Scribe x x

CR,• X X

Photochromic NA* X NA*

*This device was not a component of the system.

Figure 1-3. Relative performance of system devices.
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CHAPTER 2 - Conclusions and Recommendations

2-1. Conclusions.

a. An automated display system (a display processor controlling
several interactive graphic display consoles and other input or output
devices as required) has the potential to Improve the planning and
control of operations in a division tactica! operations center. Two
major advantages of the system are the presentation of displays which
are familiar to the user and the rapid and flexible response to user
requirements. These advantages can provide data management capability
superior to current manual means.

b. The materiel need document for the tactical operations system
(MN for TOS) requires revision. The revision must emphasize that the
Interactive graphic display console and a display processor Integral to
the system are the basic components of any display system envislqned for
tactical use. The revision should also recognize that the integral dis-
play processor provides the automated display system with a "stand,-
alone" capability. The Impact of this "stand-alone" capability should
be investigated.

c. Investigation to determine the specific user applications which
can be effectively accomplished by an automated display system should be
conducted. The technical performance requirements outlined in this -
report are the basic capabilities required as a point of departure for

Z development of tactical automated display system applications.

d. Alihough none of the three systems fully met the technical
performance requirements arrived at as a result of the experimentation,
evaluation of the collective performance of the systems indicates that

K available technology has the potential to meet the requirements stated.
These performance requirements should be used as the basis for further
evolutionary development of automated display systems.

e. Evaluation of the performance of the three systems indicates
the necessity for emphasis on careful and complete definition of user
inputs and the outputs that the user expects the automated display

9S system to provide. This aefinition has a great impact on the develop-
? ment of the appropriate software which in turn determines how well the

system will meet the user's requirements.

Sf. Experimentation using commercially developed hardware and
2 software is an efficient and effective way to Identify and refine
R performance capabilities required for automaled display systems.

g. The display of map backgrounds by an automated display system
is not expected to totally replace the use of paper maps In the TOC. In
this light, Investigation to determine the best means for providing map

Sbackgrounds for automated display systems is required. A display
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without usable maD backgrounds is ineffective. The displai of a map
background is as Important to the user as the display of tie dynamic
symbol,. superimposed on toe background. The user should be able tor J tailor both the map area of coverage and the level of detail to the
situation.

h. The selected display technology will determine the colors
available for displaying dynamic symbology. The color capabilities of
available and potential display technologies require further investig-

ation to identify principles for the selection of colors. The contrast
and brightness of the colors must be compatible with the map backgrounds
they will be displayed upon. Therefore, the investigation should be
conducted in conjunction with or be based upon the results of the study
on map backgrounds.

2-2. Recommendations.

a. That continued experimentation with automated display syslems
be conducted with emphasis on the following actions:

(I) Identification of functional applications for automated dis-
play systems. In making this identification coordination should be made
with qualified user personnel.

(2) Determination of the display system components required by
potential users at division level Initially and at other echelons if it
is determined that automated display systems are required at these
echelons.

(3) Investigation of alternative means of providing automated
display system support to tactical operations centers to include "stand-
"alone" display systems supporting single users or echelons.

b. That the findings pertaining to automated displays in tactical
operations centers and the findings pertaining to system technical
performance requirements be used as a basis for revision of the approp-
riate portion of the MN for TOS document.

c. That a study be conducted to determine the best means of
providIng map backgrounds for automated display systems. The study
should specifically focus on techniques which can be used to provide the
automated display system user with the ability to tailor both the map
area of coverage and the level of detail to the situation.

d. That the color capabilities of available and potential displiy
technologies be further investigated to identify principles for the
selection of colors to display dynamic symbology. The investigation
should be conducted with or be based upon the results of the i1udy on
map backgrounds.
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23 July 1974

!BCS: AUTOMATED DISPLAYS
Test Number FMI16

PART TWO -TEST AND FINDINGS

CHAPTER I - General

Section I - Introduction

I-I. Purpose.

a. The automated displays experimentation program examined three
candidate automated d'splay technologies to evaluate system technical
requirements and to ascertain how automated display systems ce-, best
suppori the planning and control of tactical operations. This general
purpose was translated into three objectives:

(I) Objective I. Determine how computer driven d'sDlays can best

support the planning and control of tactical operatin.

(2) Objective 2. Evaluate proposed requirements statement under
operational conditions and recommend changes as appropriate.

(3) Objective 3. Evaluate the suitability of candidate computer
driven display technological approaches to meet proposed requirements
criteria.

b. Completion of objective I provided a baseline 3gainst which the
l findings in objectives 2 and 3 could be referenced. Objective 2 focused

on evaluating, refining, determining, and stating technical performance
requirements for automated display systems that are envisioned for usL

M by the operations and intelligence staff sections in division tactical
operations centers (TOC's). The display requirements that were evaluated
are listed in the materiel need (MN) document for the tacticai operations

S-system (TOS). Objective 3 was achieved by assessing the performance of
the three candidate automated display systems against the requirements
stated in objective 2.

c. Objectives 2 and 3 are contained in the outline test plan
(OTP). Objective I was added by MASSTER to identify the TOC activities
which are potential users of automated displays, determine their current
(manual) display requirements, and identify the components of ar auto-
mated display system which could facilitate the operation of thk TOC
activities identified. The addition of the objective was approved by
the test proponent (Combat Developments Command (USACOC)).
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1-2. Background.

a. Experimentation with large screen displays was initiated in
MASSTER Command Post Exercise (CPX) CP3. The purpose of the experimen-
tation was to determine the feasibility of using computer-assisted large
screen displays at the division level in a tactical environment. The
initial phase consisted of experimentation with a large screen "stand-
alone" display system which employed a scribing projection technique.
The results indicated that computer driven display systems could be
useful in the division tactical operations center (DTOC). The results
also indicated that additional experimentation to define system perform-
ance regilrements and evaluate available display technologies would be
beneficLi. An OTP was developed by USACDC to define the additional
experimeitation needed. This plan was designated as FMI16.

b. In June 1972 approval was received from the Department of the
Army for a 6-month lease of two candidate automated display systems.
Specifications were prepared to meet the objectives stated in the OTP.
Competitive contracts were awarded to the Northrop Corporation for
development of the scribe projection system and to the General Dynamics
Corporation for deveiopment of the cathrode-ray tube (CRT) projection
system.

c. In addition to the scribe and CRT systems, a third automated
display system was evaluated. The system was developed for thtv United
States Army Materiel Command - Etectroiiics Command (USAMC-ECOM) by the
Singer Librascope Corporation, and it used a photochromic film pro-
jection technique. Although the system did not possess many of the
hardware and software capabilities called for in the specifications
prepared for the scribe and CRT systems, it did possess a number of
capabilities which could be evaiuated and compared with the other two
systems. Only those portions of the FMII6 test plan applicable to the
photochromic system were used.

1-3. System Description. Three automated display systems were eval-
uated. Each system differed in the technology used to rear project
dynamic symbology (military unit symbols, alphanumerics, and graphics)
onto a large screen. The systems had similar hardware configurations.
The operation of each was controlled by a minicomputer which processed
displayable data and caused the appropriate symbols to be displayed on
the large screen and on a CRT display console. Each system displayed
map backgrounds and formats on the large screen by means of slides.
Each system also included a CRT display console (two consoles with the
scribe system) and a number of other devices for the input or output of
data. Detailed descriptions of the individual components of the three
systems are contained in chapter 2, section III, Performance of evalu-
ated automated display systems.

a. Scribe projection system.
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devel() The scribe system used commercial hardware components and was

developed by the Northrop Corporation. Figure 1-1 is a schematic
diaramofthe system. Dynamic symbo logy for projection onto a 5-foot

by 5-foot screen was computer generated and mechanically etched on a
metal-coated glass slide by one of two scribing projectors. Both
projectors contained 40 slide positions which were separately address-
able by the computer. Slides of map backgrounds and formats were pro-
jected onto the large screen by two reference projectors. Each reference
projector contained 40 addressable slide posiflons. A fifth projector
was used to highlight, by means of a marking cursor, symbols on the
large screen. The cursor was also used for map background registration.
The projectors used Incandescent bulbs to display symbology on the large
screen. Each of the five projectors was capable of displaying symbols
in one of six colors: red, green, blue, orange, yellow, or white.

(2) An analyst and an editing console (both were CRT display
devices) allowed the operator to interact with the system. Neither of
the consoles had the capability to display map backgrounds on its dis-
play screen. Each console displayed dynamic symbology in one color

V (green on the editing console and white on the analyst console).

S(3) A teletypewriter was used for system technical c-ontrol. Amedium speed printer provided output of alphanumeric data contained in

V the system data base.

(4) Freehand graphic data such as symbols for objectives, phase
lines, and boundaries were input through the graphic input device. Hard
copy output (not to scale) of displays was provided through the graphic
hard copy reproducer. Storage and recall of display scenes were provided
by the magnetic tape unit.

b. CRT projection system.

(I) The CRT system used commercial hardware components and was
developed by the General Dynamics Corporation. Figure 1-2 is a sche-
matic diagram of the system. The system used two CRT projectors (one
red and one green) to display dynamic symbology on a 5-foot by 5-foot
screen. Map backgrounds which were on 35-millimeter slides were pro-

fR jected onto the screen by a carousel projector. The carousel contained
80 computer-addressable slide positions.

me (2) The analyst console, a rear-ported CRT display device, allowed

the operator to interact with 1he system. Map backgrounds and formats
were pirpjected onto the face of the screen through a rear-port in the
CRT. A carousel projector with 80 computer-addressable slide positions
was used to project the backgrounds. The slide carousel on the console
and large screen projectors were Independently addressable. This allowed
the display of backgrounds which were not necessarily the same. Dynamic

- symbology was displayed on the console screen in two colors: red and
green. 25
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_J :3 The- teletypewriter, medium speed printer, graphic Input device,•:• : .: and h•Jrd-copy reproducer-performed the- same functions-as those-described

-or -the -,scrIbe-system. However, the- output of the CRT syitemts shard
-copy reproducejr was- to scale.- Thaý mignetic tape and disk-neowry units
al-lowed for- storage- and -recdall of -dip'lays.

-c. Photochrcmic projection system.

(I) The photochromic system was a militarized system that was
developed for the USAMC-ECOM by-the Singer Librascope Corporation.
Figure 1-3 is a schematic diagram of the system. An ultraviolet laser
proviJed a beam of high energy which was positioned by deflection
mirrors to form the dynamic symbols on heat sensitive photochromic film.
The generated symbols were Illuminated by a xenon projector lamp and
projected In blue onto a 6-foot by 4 1/2-foot screen.- A second (blue-
green) laserwas used to display a marking cursor. The cursor-ail owed
symbology to be visual-ly located or highlighted at any location on the
screen and also allowed registration of map backgrounds. Map backgrounds
and formats were contained in a 70-millimeter revolving slide container.
The container had 60 computer-addressable slide positions.

i (2) Operator interaction with the system was prov4ded by the data
edit and entry module (WEEM).- This device Included a CRT display and a
separate keyboard console.

2 (3) The teletypewriter and hard copy reproducer performed tne same

functions as those described for the scribe system. The hard copy
reproducer used a photochromic fi im writing technique similar to that
used for the large screen and produced scale copies of display scenes on
transparent material. No on-line storage of display scenes existed.
Display scenes could be stored off-line by outputting them on the punched
paper tape available on the teletypewriter.

Section II - Test Design

1-4. Test-Methodology. A brief description of how each experimentation
objective was accomplished follows:

a. Objective I - Determine how computer driven displays can best
support the planning ana control of tactical operations. MASSTER test
reports, studies, field manuals, and other documents were researched in
order to identify In general terms those TOC activities that used dis-
plays and to determine what those displays were. Based on this research,
a questionnaire was designed and distributed to representative user
personnel in units at Fort Hcod. The replies were used to identify the
Information display requirements of those TOC activities which used
displays. The net result of this entire effort was the identification
of potential automated display users and their current (manual) display
requirements.
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b. Objective 2 - Evaluate proposed requirements statement under
operational conditions and recommend changes as appropriate. An evalua-
tion of the data gathered during the experiment was used to identify and

[qualify the performance requirements for automated display systems. The
following factors were considered in the evaluation:

(I) The group display device and analysis console component char-
acteristics stated in the MN for TOS.

(2) The current (manual) display requirements derived by completing
objective I.

(3) Data collected during the 2-week CPX portion of the experiment.

(4) Component performance data collected during the performance
testing portion of the experiment.

(5) Special evaluator comments.

(6) Data obtained from research of display system literature.

c. Objective 3 - Evaluate the suitability of candidate computer
driven display technological approaches to meet prcoosed requirements
criteria. Performance data collected during the performance testing
portion of the experiment was evaluated against the requirements derived
from objective 2.

d. Each of the three experimentation ob.iectives was subdivided
into subobjectives. Analysis of the subobjecivas led to the identifi-
cation of essential elements of analysis (EEA's' wlich asked the basic
questions. Related EEA's which could best be answered together were
grouped into discrete tasks called work segments. Each work segment was
a complete package. The packages included detailed procedures for data
coliection, appropriate system Inputs, data collection forms, and data
reduction procedures. Part three of this report contains the su~objec-
tives, EEA's, and work segment descriptions.

e. Twenty-two work segments were identified. Three of the work
segments required the display systems to receive 9nd display data from
the developmental tactical operations system (DEVTOS). Data trans-
mission between DEVTOS and the display systems was one way only. Powever,
display system users were able to input data to DEVTOS by the use of a
message input-output device (MiOD) co-located with each display system.
Three work segments did not require the display systems and were con-
ducted before actual experimentation with the systems began. One of thework segments was a 2-week CPX during which player personnel used two

display systems (scribe and CRT) to assist in performing G2, G3, and
battlefield information coordination center (BICC) activities in a CPX
environmeni.! ~30 )
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f. A number of the work segments required the display of map back-
Strounds. A conference was held at Fort Hood on 25 and 26 July 1972 to

determine the map backgrounds to be displayed by the candidate systems
during the experimentation. Attendees at the conference were repre-
sentatives from the Defense Mapping Agency, Army Tactical Data Systems,
Human Engineering Laboratory, Behavioral Science Research Laboratory,
United States Army Materiel Command-Electronics Command, Engineer TQpo-
graphic laboratory, Combat Deveiopments Command, Tactical Systems Develop-
ment Groups Computer Systems Command, Northrop Corpbration, General
Dynamics Corporation, and MASSTER. The map area of coverage selected
was the same as that used on MASSTER Test 113, a command and control
GPX. This allowed the ushe e CPX tactical scenario input messages
which weru be aredfrom a DEVTOS log tape. Both the scribe and the
CRT systems used a rear" projection technique for background display.
Personnel at tho conference determined the types of map backgrounds to
be used and the area of coverage of each slide. They also determined
that slides which displayed varying levels of map detail up to and
including that found on the 1:50,000 scale standard military topographlc
map would be prepared. The Defense Mapping Agency produced the slides

in accord with specifications provided by MASSTER. Details of the
specific map backgrounds used during the experimentation are ccntaineo
in chapter 2, section III, subparagraph 2-7b.

1-5. Test Events. The major test event dates are listed below.

a. Test plan in process review 12 Dec 72

b. Displays experimentation (scribe) began 12 Feb 73

c. CPX (scribe, CRT) 30 Apr-lI May 73

d. Displays experimcntation (CRT) began 21 May 73

e. Displays experimentation (photochromic) began 29 Oct 73

f. Test concluded 9 Jan,74

1I-6. Training.

a. Personnel from HQ, MASSTER and Fort Hood units participated in
teexperimentation. The ai,iournt of training they received on the CRT

and scribe systems is shown In figure 1-4. Training on the photochromic
system consisted of 4 weeks for two operai-ors dnd I week for six test
controllers.
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Cl
,~mount ofType of Number Unit training

personnel of personnel (weeknS• (week)

Test control tear.i HQ, MASSTER I
(Controllers, data (CC and C Dir)
collectors, data
reducers)

Display team (Operators) 5/10* 2d Armored Division 4
CPX players (C2/G3) 8 HQ, MASSTER I .

(CC and C Dir)
BICC 8 163d Military I

Intelligence Baitalion
(Combat)

*10 were used during the CPX only.

Figure 1-4. Personnel training.

b. Enlisted men served as display team personnel. They were
required to have 20/20 vision and could not be color blind. These
visual requirements were Imposed, since selected Individuals from the •
display team were used as test subjects for legibility experiments.

1-7. Logistics. Hardware and software support for each system was
provided throughout the experimentation period by on-site vendor personnel.

Section III - Test Execution

1-8. General.

a. The test plan called for simultaneous experimentation with the
scribe arid CRT systems. However, the late delivery of the CRT system
necessitated separate experimentation. This was not a problem since
Identical Inputs provided to one system for a particular work segment
could also be provided to the other system.

b. The scribe and CRT systems were both operational during the
CPX. During this 2-week period, the G2/G3 player team and the BICC team
used separate display systems to assist in performing their missions.
The teams were rotated at the end of the first week so that by the end
of the CPX each team had an equal amount of time on both systems.

c. Hardware and software limitations of the photochromic system
precluded some of the 22 work segments being conducted with the system.
The system did not have the required routines for DEVTOS interface.
Consequently, the work segments, except work segment 5, which required
data receipt from DEVTOS (including the CPX) were not conducted.
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In work segment 5, paper tape was used to simulate DEVTOS message
receipt. Other work segments which required experimentation with
capabilities thai the system did not have were also om.tted.

d. Throughout the experimentation period, special evaluators from
agencies outside of MASSTER observed the pci-tions of the experimentation
which related to their field of expertise and provided convents that

contributed to both the experimentation and the findings. These agencies
included Project Management Office, Army Tactical Data Systems; Computer

'Systcmis Comnand; Army Research Institute; Defense Mapping Agency; Army
Materiel Cowmand - Electronics Command; Engineer Topographic Laboratory;
and Combined Arms Combat Developments Activity.

1-9. Test Control.

a. The work segments provided th-. framework of control for the
experimentation. Before each work segment was conducted, the control-
lers, data collectors, and operators were thoroughly familiar with the
work segment procedures. During each work segment, the controllers
isi"-ed that the step-by-step procedures were being followed and that
"•he czll•;cted data was complete.

t. ', scope of the -,xperimentation was such that the test con-
trollers , key data collectors were involved in the entire test cycle.

VJ These key idividuals p!anned, conducted the experimentation, reduced
the data, end wrote the test report.

1-!0. Uncor,#rosled Test Variables. The experimentation was randomly
delayed-or: varying periods of time by system hardware and software
failures. High humidity contributed to some of the hardware failures.
A list of failures encountered on each system is contained in part
three, section IV.

I-1I. Environmane, Sl Conditions.

a. The experimentation was conducted in the Command, Control, and
C-o"mnunications Directorate workshop area. The scribe system was located
in bunker number 92!59. The photochromic system arrived after the
scribe system h; tu:! removed. It was also located in bunker number
92159. The CRT sysiem wias located in bunker number 92i61. The dimen-
sions of the bunker aro s iown in fgiure 1-5. The bunker locations are
shown in figure 1-6.

b. Modifications ear,, m•ade to the bunkers prior to the experimen-
tation. A 16-foot by 20-foot plywooa panel was suspended from the
bunker ceilinj It was suspýried 8 feet from ithe f~oor and 21 ;nches in,
front of the partition wh1iz" .-xintained the large screen. A schematic
drawing of the panel or fa~sý ceiling is shown in figure 1-7. The panel
supported five rows of Geanrra: Electric, F40 CWX, mainlighter, deluxe,
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cool white florescent lamps. Each row contained four double iamp fixture3:
Lamp intensity was adjustable by a rheostat, and the two rows rearest
the large screen were controlled independently by an on-off switch.
Fifteen-inch ply ood baffles were hung f,-ri the false ceiling in front
of the first three rows of lamps to reduce glare on the screen. The
panels were pa!nted flat black and extended the full widTh of the false
,_ailing. The false ceiling was used to centre! the ambient light inter-

sity in the experimentation area.

c. Each bunker was partitioned ino a service area, a test area,
and an office area. The bunker interior and the partition separating
the test and service areas were painted flat white, This partition, on
which the large screen was mounted, was made of 2-inch by 4-inch stud
and sheetrock and extended from the floor to the ceiling. The partition
in the rear of the bjnker, separating the testing area from the adminis-
trative or office area, was a standard office divider with target cloth
hung from the ceiling and attached to the civider. Two offices were
partitioned of' 4rom the entranceway by using standard office dividers.
The overhead lights in the bunker entranceway were shielded to project a
minimum amount of light into the testing area. The lamps in the service
area behind the large screen were the same type as those in the test
area and could also be separately controlled with a rheostat. A schematicdrawing of each bunker's layout for the three systems is ý;hown ini

figures 1-8, 1-9, and 1-10.

NO d. The bunkers had no heating or air conditioning equipment
installel. ,evere arcing In the CRT system's analyst console during
system startup on very humid days necessitated the use of live portable

5 dehumidifiers. The dehumidifiers were positioned near key components.

CHAPTER 2 - Test Findings

Section I - Manual Display Requirements

2-I. Survey Results.

a. This section addresses objective I of PM116 - Determine how
computer driven displays can best support the planning and control of
tactical operations. This objective has three subobjectives: identify
those TOC activities which use information displays; identify the infor-
mation display requirements of those TOC activities which use displays;
and identify the automated display components which facilitate TOC
activities. The data required to answer the first two subobjectives wa•
collected by several means. First, MASSTER lest reports, studies, field
manuals, and other documents we,'e researched to identify, in general
terms, those TOC activities which use displays and to determine wtat
these displays are. Next, a questionnaire was designed to obtain the
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required data. The questionnaire was distriDuted to 230 personnel who
hid TOC experience. A discussion of the results of both efforts is
presented in the following subparagraphs. Part three, section I, contains
the reduced data on which this discussion is based.

(1) The division, brigade, and battalion TOC activities which use
information displays are identified in figure 2-1.

Division Brigade Battalion

G2 (Operations-Plans) S2 S2
G2 Air S2 Intelligence Team S2 Intelligence Team
G2 Intelligence Team (BICC) (BICC)

(BICC) S3 53
G3 (Operations-Plans) S3 Air S3 Air
G3 Air Fire Support FSCC
Fire Support Element Coordination Center TACP

(FSE) (FSCC)
Airspace Control TACP

Element (ACE)
Signal Intelligence S~Support Element/

Electronic Warfare
Element (SSE/EWE)

Tactical Air Control
Party (TAVp)

SFiqure 2-I.. Activities that use information displays.

(2) The majority of division, brigade, and battalion TO-, act'vities
use displays for rapid access to trequently referenced information to
assist in planning and coordination. Intelligence activities use dis-
plays to assist in analysis. The majority of these displays require
updating at least hourly. The number of required information displays

4 range from 4 for the division and brigade TACP to 19 for the division G3
(Operations-Plans). The situation map is the most universally required
display.

(3) Map backgrounds are required for division, brigade, and
battalion TOC situation dispiays. The level of detail found on the
present standard military map is not required for many of these dis-
plays. The amount of map detail required depends on the specific
purpose of the display. Since maps with lesser detail are not in the
current inventory, the map meeting the requirements of most TOC users is
the standard milibary topographic map.
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(4) The preferred map scale for use in the division, brigade, and
battalion TOC Is 1:50,000. At the division level TOC, a secondary
preference is the 1:100,000 map scale.

(5) The number of colors used for displaying dynamic data is
dependent on the requirement to readily distinguish between various
infor,•ation categories. Survey results from division, brigade, and
battalion TOC users indicate that most situation displays require three
colors (usually blue for friendly, red for enemy, and black for control
measures). Black is also used on a contrasting background to depict
letters and numbers on TOC charts. The colors presently used to depict
topographic symbols on the standard tactical map sheets, as discussed in
FM 21-31, are satisfactory at all TOC levels.

(6) The brigade and battalion TOC users prefer situation displays
approximately 4-feet high by 4-feet wide. Division users prefer a dis-
play approximately 4-feet high by 5-feet wide. Chart or tabular status
displays are approximately 3-feet high by 3-feet wide.

(7) The number of simultaneous viewers of displays durirg normal
operations for the division, brigade, and battalion TOC is approximately
four. For formal briefings, the number of viewers depends on the echelon;
up to 10 at battalion and up to 20 at brigade and division.

(8) The division, brigade, and battalion TOC's require from one to
five copies of most overlays. The reproduction time required for the
majority of DTOC overlays is approximately 15 minutes. Survey respon-
dents indicate that a hard copy reproduction of approximately one-half
of the essential DTOC overlays would be desirable for purposes of
reference and dissemination.

b. The findings from subobjectives I and 2 provide input to assist
in answering objective 2 of FMII6 - Evaluate proposed requirements
statement under operational conditions and recommend changes as approp-
riate. Objective 2 is addressed in section II of this chapter. The
findings pertaining to subobjective 3 are contained in section III of
this chapter. Section III addresses objective 3 of FMII6 - Evaluate the
suitability of candidate computer driven display technological approaches
to meet proposed requirements criteria. This section assesses, by
component, the performance of each of the three evaluated automated
display systems in meeting the recommended system technical requirements
formulated in section I.

Section II - Automated Display System Requirements

2-2. Introd'iction.
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a. This section addresses objective 2 of FMI16 - Evaluate proposed
requirements statement under operational conditions and recommend changes
as appropriate. The display requirements that were evaluated are listed
In the Department of the Army (DA) approved MN for IOS dated November 1972.
The two components described by the MN for TOS which relate tothe display of tactical data are the group display device (GDD) and the
analysis console (AC).

b. Organization of the remaining sections of this chapter was
influenced by the following factors:

(I) Experimentation with three different display systems was ccn-
ducted over a period of 12 months. The experimentation produced jzta
which answered questions in specific areas and also brought to light
other areas in which further study and/or experimentation is worthwhile.
New automated display system requirements gradually evolved as a result
of the experimentation.

(2) A listing of specific system requirements is best preceded by
a narrative discussion which not only outlines the requirements but also
provides the background, rationale, and philosophy underlying the
requirements.

(3) The TOS MN requirements are not listed in an order that is
readily addressable. Requirements pertaining to a specific area or
funclion are not grouped togethier but are found randomly throughout the
listing.

(4) Requirements for automated display systems are more appro-
priately presented by grouping them into user-oriented functional catego-
ries. The five categories addressed in this report are viewability of
displayed data; placement accuracy and display completeness; map back-
grounds; timeliness and ease of use; and reliability, availability, and
maintainability. This organ*zation assists in the statement of renuire-
ments not listed in the MN for TOS but identified as a result of tne
experimentation.

c. This section is organized into four areas:

(I) Paragraph 2-3 describes the major display system findings
which evolved as a result of experimentation during FMII6. It providesZZ an overall frame of reference for the remaining parts of the section.

(2) Paragraph 2-4 discusses, in narrative form, the requirements
for an automated display system. The requirements are grouped into the

fin- five functional categories mentioned in subparagraph b(4) above.

iti
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(3) Paragraph 2-5 addresses each GDD and AC requirement In the
i Iorder that they are listed in the MN for TOS.

(4) Paragraph 2-6 extracts from paragraphs 2-3 and 2-4 and states,
j for the system and system components, the specific technicat require-

ments for an automated display system. The rationale for each require-
ment Is also stated. These requirements are used in section III of this
chapter to assess system performance.

d. The reorganization of the requirements into the five functional
categories precl.odes addressing each subobjective of objective 2 directly.
However, all subdbjectlves are addressed. Reorganization into the five •
functional categories merely presents the requirements in a more mean-
ingful and useful format.

e. Two assumptions stated in the detailed plan of test guided theL formulation of the requirements stated In this chapter:

(I) The echelon at which TOS will initially be employed is the
division. The stated requirements are for a display system envisioned
for use In a divi'.ion TOC. Display system requirements for higher or
lower echelons, if it is determined that display systems are required at
these echelon-, will require analysis and modification of the division
requirements to make them applicable to these echelons.

(2) The primary users of TOS and the display systems associated
with TOS are the commander and the operations and Intelligence staffs in
a division TOC. The stated display requirements are directed to these
primary users. However, it Is recognized that there are other potentiai
users of display systems in the division. If a display system is needed
for one or more of these potential users, the stated requirements may
need modification to fit the specific user.

f. The results presented in the remainder of this chapter are
based on knowledge developed through a number of contributing factors
which Include an 18-month period of planning and hands-on experimentation
with three automated display systems; visits to vendors and other services
which had display systems; attendance at conferences, seminars, and
classes on display systems; analysis of manual display requirements;
discussions of automated display requirements with personnel from combat
units who operated the systems during the experimentation; and discussions
with special evaluators from agencies outside of MASSTER. These agencies
included Project Management Office, Army Tactical Data Systems; Computer
Systems Command; Army Research Institute; Defense Mapping Agency; United
States Army Materiel Command-Electonics Command; Engineer Topographic
Laboratory; and Combined Arms Combat Developments Activity.
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2-3. Automated Display Systems - General. The subparagraphs that
follow present general findings for automated display systems envisioned
for use In Army Division TOC's. Automated display systems must Inte-
grate hardware, software, and the user for whom the software and hardware
are designed. It is the user and his mission accomplishment which must
be supported. Findings which relate to each of these three Interdependent
system elements are discussed below:

a. Hardware. The MN for TOS Identifies the GDD and the AC as the
devices required for display and manipulation of data In a TOC. The GOD
and the AC are controlled by the TOS central computer. A brief descrip-
tion of the role of each device Is provided below. A discussion of the
experimentation findings relating to the hardware components of an
automated display system follows the description.

(I) The GOD has a large screen (4 by 4 foot minimum; 6 by 6 foot
maximum) and Is the primary operations and planning display device. The
GOD portrays units, locations, boundaries, and zones or areas on a
tactical map background. The GDD includes the overlay reproducer as a
subcomponent to provide transparent overlays from displays on the GDD
suitable for use with standard Army maps.

(2) The AC provides the man-machine Interface between the user and
the -.ystem data base. It operates as a graphical display similar to the
GOD and as an alphanumeric Input-output device. The MN for TOS does not

ý specify a capability for transfer of displays between the AC and the
GOD.

(3) Experimentation findings show two basic hardware comporsents
are required for any automated display system used in a division TOC.
The first is a local display processor which allows for the receipt,
storage, retrieval, display, and manipulation of data. The processor
also controls the operation of the hardware components of the display

M system. The functions that the processor must perform dictate thar it
be separate from the TOS central computer and that it be dedicated
solely to the operation of the display system. It is inefficient and
Impractical to require the TOS central computer to do the display data
processing as well as control all the devices of the system. The
problem is compounded when a number of display systems are linked to
TOS, thus multiplying the total number of devices to be controlled. The
separate display processor is not only more user responsive, but it also
acts as the single point of contact for interaction between TOS and the
display system. The display processor also facilitates "stand-alone"

O operation of the system and provides a built-in continuity of operations
(CONOPS) benefit.

(4) The second basic hardware component of an automated display
system is the Interactive graphic display console. This component is
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the primary user device for the display of, and interaction-with, con-
puter stored data. The console features which make this possible are a
display surface dedicated to the presentation of displays for a specific
user; the controls, such as a keyboard, joystick, and light pen with
which the user can recall, create, modify, or delete displays; and a
positive visual feedback on the display surface which allows the user to
monitor display manipulation.

(5) An automated display system from a hardware point of view con-
tains basic components (a display processor and one or more Interactive
graphic display consoles) and other hardware components (peripheral
devices) as required to meet particular user needs. Figure 2-2 shows
how hardware components could be configured for a display system support-
ing one user, the division G3. To support an additional user su'-h as
the G2, the figure would also show dedicated Interactive graphic display
consoles for the G2. Other peripheral devices that the G2 requires
would be added if sharing the use of a peripheral device (such as the
printer for the receipt of messages or the map overlay Input device for
inputting overlays to the sy.;tem) is unsatisfactory.

AUTOMATED DISPLAY SYSTEM

C
GGROUP DISPLAY OUTPUT
DEVICE (LARGE SCREEN

MAP OVERLAY

--.O-S- PROCE R OINPUT DEVICE

_----------_ LPR ANUTER IC{

•! G3 I DISPLAY CONSOLE

SINTERACTIVE I,

COGSLE(I C s IMI

DISPLAY mhQI VRA

G DISPLAYS COSL

"----- Direction of Data Flow

Figure 2-2. Type hardware configuration.
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(6) In figure 2-2 the interactive graphic display consoles are
the primary display devices. The group display output device (large
screen) is shown as a peripheral output device to be Incltided in the
configuration only when anticipated usage justifies its inclusion.
Control of displays on the large screen is accomplished through an
interactive graphic display console. Displays to be viewed on the large
screen are first composed on the interactive graphic display console,
then transferred to the large screen. This role of the group display
output device was determined from data provided by users and special
evaluators throughout the experimentation period and was initially
identified from two observations during the CPX portion of the exper-
imentation.

(a) During the CPX, the primary use of the large screen on both
the scribe and CRT systems was for briefings. Although situation dis-
plays were portrayed on the large screens when they were not being used
for briefings, the analysis console (editing console in the scribe
system) was where the attention of key players was focused, where dis-
plays were manipulated, and where player reception of, and reaction to,
incoming data occurred.

(b) The G2 and G3 sections formed a player group and used one
system, while another player group (the BICC) used the other system.

g Since each system had only one usable console (the scribe system had a
S • CJ; s(cond console but its use interfered with the first) and one large

'creen, the G2 and G3 players were forced to share these devices. The
L rmajority of player comments indicated that the console display, although

smaller, was satisfactory and was preferred over the large screen dis-
play mainly because the player could "do" more at the console because it
was interactive. The comments also overwhelmingly favored separate,
dedicated consoles for the G2 and G3.

(7) The group display output device was not found to be an essen-
tial part of division level tactical display systems. However, experi-
mentation findings do not nullify it as a potentially useful component
of an automated display system. When current displays on a console need
to be viewed by a large number of people during the course of a briefing,
a device which provides for rapid display transfer and has a screen
larger than that available on the console may be justified. When the
device Is not being used for briefings, it can be used to display the
current situation for the benefit of all TOC personnel and visitors from
other headquarters.

(6) The requirement for a group display output device for a dis-
play system should be based on a cost-benefit analysis. The expected
advantages must be ccnsidered agaiw~t the additional volume, weight, and
complexity imposed on the system. In each of the three systems eval-
uated, the large screen display components constituted a major part of
the system's total volume and weight. Since the disp!iy system is
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expected to be housed in a vehicular-mounted shelter, volume and weight
considerations will impact upon the number of shelters required and the
overall system mobility.

(9) The experimentation findings relating to the roles of the
interactive graphic display console and the group display output device
Indicate a shift in emphasis from visualizing the large screen as the
central, dominant component of an automated display system to stressing
that the processor and the Interactive console form the heart of the
display system.

b. Software. The key to user acceptance of an automated display
system Is proper definition of user requirements. Meeting the require-
ments is heavily software dependent. Suitable hardware is available or
can be developed, but what the hardware is able to do for the user is
largely a function of the software (i.e., the routines that perform the
display functions which aid the user in accomplishing his mission).

(I) After user requirements have been defined, software should
receive first priority in the development of an automated display
system. This does not mean that initial emphasis is to be placed on
developing detailed logic flow diagrams. Rather, detailed answers
should be obtained for the question: "What procedures should be de-
signed to permit the user to meet his requirements with maximum ease?".
The-answers should define the software required. The software will
provide vital guidance concerning hardware type and configuration.

(2) This approach defines the user's needs and Identifies the

software required to meet these needs before the hardware Is procured.
The logic of this approach is better than the common practice of buying
the hardware and then designing software to fit the hardware. Addi-
tionally, software comprises the bulk of system development cost, and
therefore, should receive priority.

c. User. The individual who will actually use the equipment in
the field is the most Important element in successful design of an auto-
mated system. The question asked in subparagraph b(l) above can best
be answered by this Individual. His comments must be actively solicited

.+ by the hardware and software designers In all stages of system develop-

ment. Violation of this principle could result In the fielding of a
system which may be rejected in favor of the current manual operation
because it does not do what Is wanted, Is too complicated to operate, or
is simply too cumbersome.

(I) An automated display system must satisfy different users in a
TOC. The division G2 and G3 are considered separate users since they
have different Information requirements. For example, the' G3 may be
concerned with monitoring the maneuver of friendly unlt5 of battalion

48



size and larger within the di,,ision area of operations. The G2 may be
ihiierested in an area different from that of the G3 and may require the

display of particular enemy units and weapons located in his area of
inierest. User requirements will dictate the hardware configuration of
an automated display system.

(2) Automated display systems have the potential for easing the
user's transltion from manual to automated operations, because they
present displays much like the user now employs. The display of data by
an automated display system is preferable from a user standpoint to
receiving the same data as computer printed copy for subsequent map
posting.

(3) The following quote from Parslow, Prowse, and Green I is an
excellent discussion of the role of an automated display system and
particularly the interactive graphic display console. The application
characteri-stics cited at the end of the quote are exactly those for an
automated display system in a tactical operations center!

"Graphic data processing provides a common language
of g.aphics and alphanumerics between the man and the
computer. A man normally thinKs in terms of sketches,
drawings, graphs, letters, characters, and numbers. A
computer operates in terms of bits, bytes, and registers.
This makes it difficult for the man to communicate with
the computer. In the past, the burden has been on the
man; namely, he has had to convert all of his ideas and

rM thoughts to letters, numbers, and a few special charac-
ters. The computer, in turn, conversed back with the man
in the same medium. With the advent of graphic data

4processing, the mancan work in the medium he understands
best; the computer can continue to work in the medium it

Sunderstands best, with the graphic display console acting

r as an interpreter between the two. This new dimension in
man/machine communication has proved to be of value in
applications where: Graphic repr-esentation is of assist-ance in the performance of the application, or Rapid

turn-around time is required, or Human imagination,
judgement, or experience is required in the solution of
the problem."

2-4. Narrative Discussion: Automated Display System Requirements.

a. General.

(I) This paragraph discusses requirements for the different com-
ponents of an automated display system. The intent is to state the

1ComputeA Gkaph••6, R. D. Parslew, R. W. Prowse, R. Elliot Green,
Plenum Press, 1969.
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requirement as the end result that should be provided to the user by the
system. Therefore, the requirements are discussed from the user view-
point and are display technique independent.

(2) The requirements, as discussed, are not system specifications.

Rather, they represent user specified guideXne• 6 for those display
functions that an aet•omated display system should perform. They should
be used as the basis for definition of system specifications.

(3) The requirements are grouped into five functional categories:
Viewability of displayed data; placement accuracy and display complete-
ness; map backgrounds; timeliness and ease of use; and reliability,
availability, and maintainability.

(4) Requirements are stated for an alphanumeric display console.
It should be noted that none of the three evaluated systems contained

j this device. The necessity for the device arose from the observation
that a substantial amount of strictly alphanumeric data is routinely
input, displayed, or transmitted by users of an automated display
system. The input of data into the system's data base becomes particu-
larly critica! if the system operates in a "stand-alone" mode away from
TOS and data mzist be input by the display system user. Although the
interactive graphic console has the capability, its use to routinely
input, display, or transmit alphanumeric data would seriously detract
from its primary function of presenting graphical situation displays.
While using the interactive graphic display console to input, display,
or transmit alphanumerik -ita, the user is unable to view and interact
with graphical situition data on the console. Thus, the full capabilities

Sof the interactive console are not exercised. During the CPX, a DEVTOS
alphanumeric display console called the message input and output device
(MIOD) was used by the automated display system users to query the

* DEVTOS data base.

b. Viewability of displayed data. A primary requirement for any
display is that it be viewable. Viewability is defined as the !egibllity
of individual symbols and the overall comprehensibility of a tactical
display. Displays must be both legible and comprehensible to be of
value. The viewability requirements for the devices of an automated
display system are listed below:

(I) Interactive graphic display console (individual display).

(a) The symbols required to be displayed on the console are the
64-character American Standard Code for Information Interchange (ASCII.
set; selected FM 21-30 symbols; symbology added to the symbol generator
by the user; circles; ellipses; and freehand graphics. The symbols
which are recommended to be a part of the permanent symbol qenerator are
listed in subparagraph e below. Many of the symbols in FM 21-30 are not
used frequently enough to justify character generation on a full-time
basis. The additional hardware and software that would be required for
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O full-time character generation of all symbols in FM 21-30 is prohibitive.
Howeve.-, the system must allow the user to easily add a number of addi-
tional symbols to the character generator on an "as-required" basis.
This requirement-is disciissed in subparagraph e below. The freehand
graphic symbols found in FM 21-30 such as the symbo!s for objectives and
axes of advance will require approximation by variable length line
segments, since they do not lend themselves to character generation
because of their variable size, shape, and direction.

(b) A minimum of three colors is required. Three colors allow
distinction of friendly, enemy, and control measure symbols. Distinc-
tion of friendly sywbols from enemy symbols is possible on a one color
display by means of shape cooing. However, the enhanced ability of the
symbols at a glance is required to preclude delay in their discrimin-

ation. Use of a third color to depict control measures further enhances
the user's ability to distinguish between the three types of informia-
tion. Four to six colors are desirable. The extra colors allow the
highlighting of selected symbols or the color coding of particular
categories of information. The main factor to consider in selecting
colors is tneir legibility. Red and blue are traditional but not abso-
lutely necessary. Symbol color selection must be based upon obtaining a
hgh degree of contrast in relation to the color., used for The map
backgrounds. A discussion of map background colors can be found in
subparagraph d below.

(c) The symbology should be fully legible to the operator under
normal office lighting (70 foot-candles at desk top level). This
reduces the eyestrain and fatigue of individuals working in the immedi-
ate area. Full legibility of the symbology with desK lamps at each work
space and no overhead lights is marginally acceptable. Full legibility
is defined as easy identification by the console operator of any symbol
contained in a tactical si+ufatior. display.

Wd) The console must be designed with one optimum symbol si7e in
mind. However, symbol size should be under user control. The operator
should be able To increase or decredse (within limits) the size of the
symbols. Whenever a change in size is made, all symbols in the display

hange. It is desired thF.+ the size selection be coniinuous but discrete
sizes are acceptable as long as a number of sizes are provided. The
selection of an optimum symbol size should be based upon obtaining
symbols that are filly legiLle to the console operator under the required
lighting conditions. However, the symbols must be small enough to
present a tactical situation display that is not unduly cluttered. 'lhi;
hinges, in part, on the size of the console screen. The screen must he
large enough to depict a tactical situation, but It must not be so larqe
that it causes the operator undue eye and head movement. The greatest
number of military unit symbols required to be displayed at one time on

M a division tactical displav is estinmated as 75. 1he average number i<

estimated as 40.
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(e) Operator eye and head movement are influenced by two factors:
screen size and the distance of the operator from the screen. It isI assumed that the screen will be located within arm's reach of the oper-
ator. This seems a reasonable assumption based on the fact that most
individual display console screens In existence, regardless of applica-
tion, are located less than an arm's length from the operator.

(f) The displayed symbology must have no discernible flicker. The
console operator must be able to control the brightness of the dynamic
symbology and the brightness of the background. Overall brightness
control allows adjustment to suit the ambient light environment. The
brightness of each dynamic symboi color and of each map feature color
should also be under user control. This allows the operator to subdue
categor~es of information which at a parTicular moment are not of signif-
icant interest or which detract from other Information.

(g) Fully automatic declutter (offset), upon initial display, of
Sany symbol for a military unit, spot report, sensor location, etc., is
required. Control measures are not declutterable. Declutter lines must
be directly attached to the decluttered symbol. Newly entered symbols
shou!d be displayed so that they do not overlap e-isting symbols, but

= they should be displayed as close to their true p sition as possible.
Symbols already in the display should not be readjusted, since the oper-
ator'• perspective could be affected. The operator must have the abil.-
ity, hovever, to declutter symbols manually. He should also have the
abibi+y to cau~e a complete, automatic re-dtclutter of the display when
desired. This re-declutter relocates all symbols based upon the cri-
teria of the shortest possible declutter lines and no syrbol overlap.
Each symbol should be considered equally in the re-declutter. Priority
of entry should have no eftect.

(h) Before automatically decluttering a newly input military unit
Sheadquarters symbol, the system must determine if the new symbol is co-

located with another military unit headquarters in the display. If so,
the new symbol and the co-!ocated symbol(s) must be "stacked" (they
shoulo be Diaced on one staff). The stack should he automatically
declultered if necessary.

(2) Group display output device.

(a) The symbols required to be displayed on the group display ar!
ihe same as those for the '-nsole: the 64-character ASCII set; selected
FM -,,30 wymbols; symbolo., ided to the symbol qenerator by the user:
cirtlee; ellipses; and freetdnd graphics. The symbol style and propor-
tion ',,st match ;.Lse used on ihe console. This is to prevent identical
di,-plays or, the ., 'evices from appearinq different when, in fact, they
dC not. All d!splays on the console should be disp!ayable on the
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group display. The group display scene must appear Fo be an enlargemenl
of the console display scene. However, this does not mean that the
group display must always show the same display scene as the console.
The group display must be able to show display scenes independent of
those shown concurrently on the consoles.

(b) The color requirement for the group display is identical to
that for the console. However, technological limitations which prevent
the obtainment of an equal number of colors on both devices should not
limit the number used on the unaffected device. For example, cost and
other considerations may cause three or more colors on the group display
to be impractical, but a four-color display on the console may be no
more costly than a two-color display. In this case, the console display
should not be limited to two colors. However, both devices should use
the same colors to depict enemy symbols and friendly symbols.

(c) The group display should be fully legible under normal office
lighting (70 foot-candles at desk top level). This requirement could be

P relaxed to as low as 30 foot-candies since the grocup display is primarily
used for briefings. Thirty foot-candles is the amount of light required
for note taking. Full legibility is defined as easy identification by
any viewer In an audience of 20 people of every symbol in a tactical

V situation display.

(d) Like the console, the group display must be designed with one
optimum symbol size in mind, and this size should be variable by the
operator. The selected size should be independent of the size selected
on the console. However, when a display is initially transferred to +he
group display, the operator should have the option of allowing it to
appear in a size proportioned to the size selected on the console. The
optimum symbol size should be small enough to present a tactical sit-
uation display that is nol unduly cluttered. Symbol clutter is dependent
upon symbol size, number of symbols, ana screen size. The group display

i must be large enough to comprehensively present a tactical situation
display tn an audience of at least 20 people.

(e) The displayed symbology must have no discernible flicker. lhe
brightness of each dynamic symbol color and of each map feature color
should be under user conIrol. This allows the operator to subdue cate-
gories of information which at a particular moment are not of signif-
icance or which detract from other information. It also allows the
operator to adjust for the ambient light environment. The user must, ai-
a minimum, be able to vary the overall brightness of the dynamic symbril-
ogy and the overall brightness of the map background.

(f) Symbol declutter should pose no problem for the group display.
since all displays shown on this device are first ,edited on the console.
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(3) Map overlay output device.

(a) The symbols required for output on this device are the same as
for the console: the 64-character ASCII set; selected FM 21-30 symbols;
symbology added to the symbol generator by the user; circles; elllDses;
and freehand graphics. The symbol style and proportion must match those
used on the console. This is to prevent an overlay from appearing
different from the console display when, In fact, it is not. All dis-
play scenes on the console should be reproducible in multiple copy on
the hard copier.

(b) The three color requirement for the console is desired on the
map overlay output device.

(c) The overlay must be capable of being output on transparent
material. This allows placement of the resulting overl3y on a standard
military topographic paper map where it will normally be used. The
contrast of the symbols against the standard military topographic paper
map is an important consideration. This requirement is not Intended to
exclude output on other material such as paper.

(d) The symbology when shown against a standard military topo-
graphic paper map must be fully legible in as little as 30 foot-candles
of ambient light, since low ambient light levels may exist where ihe
overlays will be used.

(e) Only one symbol size is required. The size should be selected
so that the symbols are fully legible to the individuals working with a
map board under 30 foot-candles of light. However, the symbols must be
small enough to present a tactical situation display that is not unduly
cluttered. The map area of coverage must be identical to that of the
console. However, the physical size of the output will correspond on a
I to I ratio with the standard military topographic paper map (i.e., a
5n-kilometer square area of coverage on an output scale of 1:50,000 will
measure I meter by I meter on the map overlay output). This allows a
standard topographic paper map to be used as a background.

(4) Printer.

(a) The characters in The 64-character ASCiI set are the only
symbols required for output by the printer.

(b) The size, style, and proportion of the characters must be
fully legible to the user when they are viewed aE lines of print in as
little as 30 foot-candles of ambient light.

(5) Alphanumeric display consolc.
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(a) The symbols required to be displayed on the console are the
64-character ASCII set. Message formats and tabular chart outlines,
either completed or to be completed, will also be displayed.

(b) Two colors are desirable. The second color allo-s message
format and tabular chart outilnes to be readily distinguished from the
dynamic data.

(c) Screen size is affected by the distance of the operator from
the screen, character size, ano number of characters to be displayed.
The operator will be within arm's reach of the screen. The screen size
should be designed to display approximately 1,500 characters. This is
the number of characters specified for the MIOD in the TOS M document.
Only one character size !s required.

(d) Displays on the console must be fully legible under normal
EZWoffice lighting (70 foot-candles at desk top level). This reduces the

eyestrain and fatigue of individuals working In the immediate area and
is well within the capability of available alphanumeric display consoles.
Full legibility Is defined as easy Identification by the con:ole oper-
ator of any symbol in the display. The operator must be able to adjust
the brightness of the display to suit the ambient light environment by

N n- means of a brightaess control located on the console.

c. Placement accuracy and display completeness.

S(I) When a user views a displayed tactical situation, the data
items defining the tactical situation must be accurately positioned
against the appropriate map background. In addition, the display must
be complete (i.e., all data items which belong in the area of coverage,
If they are contained in an Information category selected for display,
must be present on the display).

(2) Placement accuracy is defined as the ability of the system to
Dosition a data item at a specified location on a map background.
Current manual procedures for plotting symbols against the 1:50,000
scale standard military map have an Inherent plotting accuracy. The
average Individual ,spdatIng a map In the TO( will, with few exceptions,
position a given symbol within 100 meters of its specified map location.
Most display users in the operations and intelligence sections of the
TOC are concerned with the effect that symbol placement accuracy has on
the evaluation of the positional relationships of the displayed symbols.
While si-ew users may require greater accuracy, the Inherent accuracy of
manual ma; posting Is acceptable to most users in the TOC.
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(3) Data items superimposed against a map background on the inter-
active graphic display console and on the group display must appear to
be no more than 100 meters from the specified map location. This
IC0--meter limit applies for any method of data item location: keyboard
coordinate entry, coordinates transmitted from an outside ADP source,
points transmitted from the map overlay input device, or direct entry by
pointing to the location on the console. The 100-meter limit alsoI applies regardless of the size of the area of coverage being viewed.
For example, if a data Item is perceived to be within 100 meters of its
specified map location on a 50-kilometer by 50-kilometer area, It
should appear to remain within 100 meters when a 10-kilometer by
10-kilometer blowup of the data item's location is displayed and vice
versa.

(4) The accuracy requirements discussed in (2) and (3) above refer
to what is expected when the system dZ6ptayz dynamic symbology against a
map background. A separate requirement is the accuracy returned when

S~the system is queried as to the Universal Transverse Mercator (UTM)
coordinates of a displayed data Item. The system accuracy for all data

item locations entered as specific UTM coordinates (i.e., keyboard entry
and coordlna'as from an outside ADP source) must be exact. If a data
item location is entered as a 4-= 6-, or 8-digit coordinate, the system,
when queried, must return the coordinate exactly as entered. The coor-
dinate provided in reply to a query for data items entered by pointing
and for locations entered through the map overlay input device must be
no more than 100 meters from the apparent map location of the data item.

(5) Data item placement accuracy requirements also affect the map
0overlay input devize and the map overlay output device. The map back-
ground used on the map overlay Input device must be registered In such a
manner that a data Item entered as a series of points from either the
overlay or the map will, if displayed on the console or group display,
have the points cU6p&•Zed no more than 100 meters from the points en-
lere6 through tho device. The overlays produced by the map overlay
cutpt.: device will be used in conjunction with standard military topo-
graphic maps. When the overlay is placed over these maps, the data
items must be no more than 100 meters from the symbol locations used to
input the overlay to the system.

(6) Display completeness is defined as the display of aoU data
items in the currently selected information categories which have
coordinate locations within the selected map background area of cover-
age.

(7) Data items are located either with single points (e.g., a
military unit or a coordinating point) or with multiple points (e.g., a
unit boundary or a trench line). Data Items located with single points

56



must be completely displayed if the point is Inside the selected area of
coverage. This may require the automatic decluttering of the data item
to ensure that the entire item appears in the area of coverage such as
when a military unit location Is at the top edge of the background.

(8) If any part of a multiple-nolt+ 'jata item is in the selected
area of coverage, that part within the area of coverage must be dis-
played. The part to be displayed must include all points of the data
item up to and including those at the intersection of the item with an
edge (or edges) of the map background.

(9) Incoming messages from outside ADP sources (e.g., TOS) will
affect individual military symbol completeness when the message defines
a military unit whose branch duty symbol is not In the system's perma-
nent branch symbol library. To ensure that the data item is complete,
the system must display at least the first four alphanumeric characters
of the branch duty designation (from the Incoming message) inside the
rectangle where the branch duty symbol normally appears. The user may
then replace the alphanumeric characters with a previously created
symbol or with a symbol which he creates.

d. Map backgrounds.

(i) General.

(a) A map background is an essential part of any tactical situa-
tion display. The display of the situation is relative!y useless unless
the symbology is superimposed upon a map background, thereby orienting
the symbology to the terrain. The majority of symbols on a display are
input as single map locations or as a series of map locations, normally
UTM grid coordinates (e.g., "HQ, 53d Mech Division is at PL 235692";
"the left boundary of the Ist Brigade extends from XT 127608 to XT 119672.").

(b) Map backgrounds have three general uses in a TOC:

I Comprehension of the overall situation. For this purpose, the
user Ts !ocated at a distance far enough from the display to view the
entire area of coverage without excessive eye and head movement. He is
not interested in being able to read all detail on the standard military
topographic map but uses the map to provide general orientation for the
superimposed symbology. Orientation is accomplished by relating the
symbology to significant map features such as roads and highways, towns,
hill masses, rivers, and perhaps major grid lines. The 1:50,000 scale
standard military topographic map normally used in TOC's is not ideally
suited for this use, because of the large amount of detail on it. A
cu. -n solution is the annot;'ring and/or highlighting of the significant
map features with grease pencils or colored ink pens to provide easy
legibility at a distance.
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2 More detailed Inspection of the terrain at or in the vicinity of
a superimposed symbol or symbols. In this case the user Is Interested
in a more exact relationship of the symbols to the terrain. He is for
the moment not interested in the entire area of coverage but moves
closer to the map and "zooms -in" on the small portion of the overall
area where the symbols of interest are displayed. He moves as close as
is necessary to view the amount of map detail he requires, which may
well be all map detail.

3 Terrain analysis w!thout superimposed symbolcgy. For exaa-Ple,
when *electing the best Terrain upon which to establish a defense or
when planning a route of movement, the user wants to view the map back-
ground with no superimposed dynamic symbology. Depending upon the
user's mission, he may require varying degrees of map detail. In one
instance, the primary and secondary road network may be all that he
needs to plan a route of movement. In another Instance, he may also
want to study the contour lines to obtain a detailed mental picture of
the shape of the terrain. This use of a map is prevalent in the plan-
ning functions of a TOC.

(c) Each of the three general uses of background maps described
above has Its own peculiar requirements for area of map coverage and
level of terrain detail. Not only do these requ!rements differ from
echelon to echelon, but they also vary among users at each echelon. For
example, the division G3 monitoring the friendly situation may require
a background showing only major rivers, roads, towns, and grid lines,
while a user in the G3 plans section may require a background with all
the detail of the 1:50,000 scale standard military topographic map in
order to determine and compare courses of action for an upcoming oper-
ation.

(d) An automated display system must be capable of displaying map
backgrounds for the three uses described above. This implies that the
system's map background d isolay capability must meet differing user
requirements for area of coverage and level of terrain detail. The
obvious problem is the attainment of map detail legibility on the
relatively small console screen. It Is not realistic, nor desirable, to
expect the legibility found on paper maps from the overall situation
maps which will be displayed on the console. First of all, e%9n if
technology could faithfully preserve all detail in the console 1tisplay,
the ability of the human eye to resolve fine detail which has been
greatly reduced in size becomes the constraining limitation. Secondly,
it was noted in subparagraph (b)l above that a user viewing the entire
area of coverage focuses only on-significant map features, and therefore
does not require all available map detail. For this type of viewing, a
map background specifically highlighting those map features significant
to the user (analogous to the map annotating and/or highlighting currently

58



done ini the TOC) is preferable -to the display of the standard topo-
graphic military map. The console, however, has the potential for meet-
ing the two uses which require a more detailed map inspection, because
it can be the Instrument to allow the user to "zoom in" on a smaller
portion of the overall area of coverage. Thus, if a console map display
of a portion of the overall area has a display scale of 1:50,000 (i.e.,
2 centimeters on the screen represents I kilometer) or larger, the
legibility of the displayed map detail would ideally be no less than
that of the standard military topographic map.

(e) If the map background displayed on the console does not have

the degree of legibility desired by the user, then a map board with a
hard copy map could be placed near the console for those Instances when
the user requires legibility of detail (for portions of the overall
area) not attainable on the console screen. This map board could also
assist in continuity of operations (CONOPS), where system degradation or
TOC displacement may preclude continued presentation of displayed data.In these Instances, the user may be forced to revert to other procedureswhich Include the temporary use of manual .isplays.

(f) The larger screen of the group display output device offers
the potential advantages of legibility at least equal to the standard

military topographic map. However, the primary use of the device is for
group viewing. Use of the device by individual users for the viewing of
map backgrounds with a high level of detail might interfere with this
primary use.

(2) Interactive graphic display console (individual display).

(a) Map backgrounds based on the UfM grid system will normally be
displayed on the console. However, the console 3hould be able to
accommodate other military grid system,. The UTM grid system requires
that the console be able to display areas of coveraqe which include the
junction of two or more map sheets and the Junction of two or more
100,000-meter grid zones.

(b) The console muJ be able to display an area of coverage larqe
enough to permit superimposinq dynamic symbology for most user tactical
situation displays. User data indicaies that an area at least 50 kilo-
meters by 50 kilometers is required for an ove~at situation display of
an armored or mechanized division. The console screen size must be
designed to provide this area cf coverage. It is assumed that the
screen is within easy arm's reach of the operator. rhe operator must be
able to view the entire screen imaqe aroa from this diqtance without
undue eye and head movwme.nt.
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(c) When the user changes the area of coverage displayed on the
screen, user specilied dynamic symbology in the new area of coverage
must be automatically displayed on the new area at the appropriate map
locations. This requirement applies if the new area is a magnification
of a small portion of the old area, If it includes all or a portion of
the old area, or if it does not include any portion of the old area.

(d) Map backgrounds displayed on the console screen must be fully
legible under the dynamic symbology ambient light requirement. Full
legibility is defined as the ability of the operator to easily Identifyeach and every item of map data displayed. A data item which is not

legible is of no informational value. To enhance legibility, There
should be a high degree of contrast between colors used for the dynamic
symbology and the colors which represent map data. Colors used on cur-
rent hard copy maps are red, green, blue, brown, and black. This com-
bindtion may not be the best for an automated display system. As was
the case for.dynamic symbology, selection of colors to represent map
data on a display should be based primarily on providing maximum legi-
bil'.ry and should not be based on tradition.

(e) The console operator should be able to vary the brightness of
the colors used for specific map features (e.g., roads, vegetation,
rivers). He must, as a minimum, be able to vary the brightness of the
entire map background without altering the brightness of the dynamic

symbology. This capability, combined with the ability to vary the
!ntenslty of dynamic symbology, allows the user to con;entrate on
dynamic symbology or map data as desired.

(f) The console must be able to display backgrounds which meet the
user's requirements for varying area of coverage and selective level of
map detail. Ideally, the user should be able to specify the desired
area of coverage by providing the system with the coordinates of any two
diagonal corner points. The system then automatically displays the
desired area on the full screen Image area. The operator must have the
option to number or otherwise identify the area for convenient recall.
Thus, the area can be tailored for the particular situation, whether it
be I kilometer by I kilometer or 50 kilometers by 50 kilometers.
Ideally, the user should also be able to tailor the level of map detail
to the situation by being able to display specific map features (grid
lines, roads, contours, rivers, etc.) individually, or in combination,
for the defined area of coverage. For each specific map feature, the
user should be able to select more or less detail (e.g., grid lines I, 5,
or 10 kilometers apart; primary roads only or primary and secondary
roads; contour intervals of IO0, 200, or 500 meters).

(g) A study should be conducted to determine the Techniques that
could be employed to provide the solution to the requirement for tailor-
ing of both the area of coverage and the level of map detail. Ultimately,
the Army will be responsible for providing the map data In the form to
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be used for the map background display technique selected. Consequent-
ly, the feasibility, advantages, disadvantages, and costs of all avail-
able map background display techniques should be the subjeLt of a study.

I One tecbncas which may have potential Is the definition of -map
data In dlg~tal form. !r i, recognized that problems are Involved in
the conversion of hard c py ntap data (particularly contours) to digital
data and in the storage of this data. However, map data in digital form
Is directly processable for display by an automated display system and,
more Importantly, can be selectively retrieved by map feature or features
(e.g., grid lines, roads, contours, rivers) for a selectively defined
area.

2 Another technique which could permit selectively variable area
of coverage is that which uses an optical system to focus on a specified
subarea of a very large area. The optical scanner can be controlled to
move in the proper horizoit ,l and vertical directions to the center ofthe desired area of cove;1a.-_je, then "'zoom In" or "zoom out" as necessary

to project the correct area size on the console screen. A variation of
this technique is the u.e ot a television camera to perform the function
of the optical scanner.

.5 A state-of-ine-ai 1c;lhnique which can be employed to display
map data is the use of dis,-ei~e on-line backgrounds, selectively retriev-
able, which contain variation in both area "lf coverage and level of map
detail. Th 'a s,.- l tution but may have to be accepted
until -technnioogy perm.ils ettaf1d-,r:t, of rhe ideal described earlier. If
this technique is employea, ".,he following requirements apply:

a The available ,a,,wunds must be on-line and retrievable within
15 seconds. The capabiiry •c relrieve and display a backJround within
5 seconds i•s highly .isi--,t,. ifiteen seconds is the maximum time that
a user car, t, t-)o• 'e , ,.i h-.r inccnvenience for the retrieval

••e of a backgrcLnr-. IcN ,e r a so be able to e,ýd to or delete from
the number Ofi ý -ao .. .ids.

t, Regist-allion of A. new ba.:kground (i.e., defining for the system
the I i mIs of The atei . .mire the operator to only point at and
Snput the a t cooi'l .-oru ,. r d,, two grid intersections diagonally
located in relation 1o each orher. 1he background must not have to beexactly horizontal, verrical, or centerea. Once registered, the back-
grouna musI be avi iat)I f-%r display vithout re-registration each time
It Is retrieved.

c Backgrounus to be ,used, for displ3y of the overalZ division
situation must hove -r area (a coverage nio less than 50 kilometers by
50 kilometers. ea:r-) tMr -- ,, u.e do not require all map detall. However,
the map data must be en ,rtýced or high lighted, and letters and numbers

61

13



may have to be larger than those found on standard military topographic
maps in order to provide full legibility. Backgrounds with selected
combinations of map detail are required. Overlap must be provided to
allow for continuity of background area of coverage.

d Backgrounds which magnify smaller portions of the 50-kilometer
SIby 50"kilometer backgrounds must be provided. A sufficient number (four

to nine may be sufficient depending upon the size of the console screen)
of blowups should be available such that the composite area of each 50-
kilometer by 50-kilometer background can be shown in magnified form.
The blowups need not overlap but must contain no less detail than that
found on the 1:50,000 scale standard military topographic map, and, when
displayed, must be fully legible. The blowups provide the high level of
map detail necessary for a more detailed inspection of 1tte map back-
ground data either with or without superimposed symbology.

e A study should be conducted to determine a means for providing
overlap of background areas, the levels of map detail required, and the
number of smaller areas required to provide adequate magnification of
each 50-kilometer by 50-kilometer area. The findings pertaining to the
adequacy of the map background technique used by each system (section
Ill) point to the need for this study.

(3) Group display output device.

(a) The tactical situation disp!ays on the group display output
device are intended primarily for viewing by a number of persons. The
audience size will vary, but user data indicates that viewers in a
division TOC normally will not exceed 20.

(b) The envisioned use of the group display output device presents
unique requirements pertaining to screen size, legibility of map aata,
and background level of detail. With the jxception of these require-
ments, which are discussed in the following paragraphs, all map back-
ground requirements stated for the interactive graphic display console
app!y equally to the group display output device.

(c) The screen of the group display must be large enough to cont-
prehensively present a division tactical situation display to an audi-
ence of 20 people and must provide map background coverage for an area
no less than 50 kilometers by 50 kilometers. Map backgrounds on the
group dispiay should be displayed independent of the backgrounds on the
consol(. This permits a map area to remain on the group display even
though different map areas are shown on the controlling consoles. The
map backgrounds which are used to present the oueAoU division situation
must be fully legible when viewed under the ambient light requirement
for dynamic symbology legibility. Full legibility is defined as the
ability of any Individual in the audience to easily identify every item
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of map data on the displayed background. The backgrounds used for

display of the ove/A. tactical situation must be identical in area of
coverage and level of detail to the backgrounds used on the console for
the same purpost. This is the primary background type required for the
group display.

(d) In aJdition to the uveuka tactical situation display back-
ground requirement, the ability to display a map background with a
degree of detail equal to the standard military 1:50,000 topographic map
and with an area of coverage no less than 50 kilometers by 50 kilometers
is desirable. The legibility of map detail on this background should be
no less than that of the standard military topographic map. The avail-
ability of this background not only permits viewing of greater map
detail but also allows the user to better associate the mrýjp display to

V .the standard military topographic map with which he is familiar. The
viewer may have to move closer to the background to identify all detail.

(e) It is also desirable to display backgrounds which are iden-
tical to the blowups on the console. These backgrounds can be used when
one or more individuals in The audience desire more map detail. The
interested individuals may have to move closer to the screen to identify
all detail.

S(f) If on-line discrete background maps are used, a means for
L. their initial registration will be reauired. Once registered, they

should not require re-registration.

(4) Map overlay input device.

S(a) Fhe mdp overlay input device can serve two purposes in a TOC:

I The inpui to the system of freehand graphic data such as that
tound o)n an operat ion overlay (e.g., symbols for boundaries, objectives,
phase Iines).

h 2 The input to the system of actual map data (e.g., outlining a
hill mass) to allow the user to higilight or modify displayed map back-
grounds.

(b) Either use of the device requires that the overlay or the
actual map sheet be placed on the device and the data to be input then
traced or input to the system in some manner. The device must be large
enough to accommodate the map area of coverage for the majority of div-
ision taclical situations (i.e., no less than 50 kilometers by 50 kilo-
meters) The 5,Ize of a 50-kilometer by 50-kilometer area on a scale of
1:50,000 (the scale of maps most widely used in !he division) is I meter
by I meter.
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(c) Entry of map data or overlay data requires that the map or
overlay be registered. The registration must only require an operator
to point at and Input the UTM coordinates of any two grid intersections
diagonally located In relation to each other. The map must not have to
be exactly horizontal, yertical, or centered. The device must be ableS'to accept for registration maps which use the UTM grid system. Map

areas to be registered may include the junction of two or more map1 sheets and the junction of two or more 100,000-meter grid zones. The
device should accept maps of any scale but must, as a minimum, accept
maps with a scale of 1:25,000, 1:50,000, 1:100,000, and 1:250,000.

(5) Map overlay output device.

(a) The map overlay output device requires a copy size sufficient
to provide the same area of map coverage as that required for the inter-
active graphic display console. Thn map overlay output device copy size
must be at least I meter by I meter. This allows the complete output of
most division tactical situation displays for the most commonly used
scale and required area of coverage. A 50-kilometer by 50-kilometer
area of coverage on a 1:50,000 scale standard military map measures
I meter by I meter.

(b) Division tactical overlays will normaliy be used with standard
scale military maps and therefore must have a I to I ratio with these
maps. However, the device should have the ability to provide copy to
any scale desired. As a minimum, the operator must be able to specify
scales of 1:25,000, 1:50,000, 1:100,000, and 1:250,000.

e. Timeliness and ease of use.

(I) General.

(aW User acceptance of an automated display system will be greatly
influenced by how easy it is to interact with. This is directly affected
by how easy the operating procedures are to learn and use as well as how

uquickly the system responds to each step of a procedure. Ideally, the
procedures should be so easy to learn and use that a commander or staff
officer could operate the system after watching someone else for a very
short period. This, along with a greatly increased ability over manual
methods fo.- performing information display functions in the conduct of
tactical operations, will assure user acceptance.

(b) Subparagraph e addresses automated display system requirements
for tlmeliness and ease of use. The detailed operating procedures W•e
pte6ented a guide &atheA t•u•n u • Ani kequbtement6. The procedures
serve two purposes:

I To outline the in-te.uictve capabitie• that automated display
systems must have to effectively assist the user in meeting his informa-
tion display requirements.
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2 To i l lustrate the degree o s.imp&city that each procedure
shculU have. The two primary factors which must be considered in the
design of operating procedures are the ease with which the procedures
can be learned and the ease with which they can be used.

(c) It will be noted that the procedures use function pushbuttons.
U'-r comments during the experiment indicated that pushbuttons were
preferred over "menu selection" by light pen or typed alphanumeric
commnands. Preference for pushbuttons was influenced by the ease with
which pushbutrori procedures were learned and remembered. This ease
resulted from the logical grouping, individual identification, and
straightforward use of pushbuttons.

(d) The preference for pushbuttons is not iniended to mean that

pushbuttohS re to be used for every step in each procedure presented.
In tact, ihe 'otal number zf pushbuttons required may be excessive if
pushbuttons arE' used exclusively for tle implementation of all the
procedures presented. Pushbuttons merely provide a convenient means of

ti standardizin the description of the procedures.

(e) A human engineering study is required to determine the best

design for Incorporating the procedures to be used. The optimum design
may iovolve the use of pushbuttons in conjunction with other techniques.
For example, pushbuttons could be used when the steps in a procedure are
few or to initiate the key steps of a long procedure. "Menu selection"
or some other appropriate techniqije could be employed (after the step is
initiated by a pushbutton) if the use of pushbuttons for subsequent

1 procedure steps would be impractical or inefficient when considered in
V the context of the overall design.

(f) The pushbuttons used in the description of the procedures can
be illuminated and are e;ther on (lit) or off depending on their state

S before the operator touches them. This gives the operator positive
feedback that his interaction has been sensed by the computer. It also
provides a rpday reference as to which pushbut+-±s are currently activ-
ated. In addition, the computer is able to light or turn off any and
all pushbuttons. This feature assists in leading the operator through
the key steps of an operating procedure by allowing The computer to

f indicate (by blinking or color change) the possible pushbutton selec-
tions in rn operational sequence. Any technique used in lieu of push-
buttons should also lead the operator through the key steps _f the
operating procedures.

(2) lnteractive graphic display console (individual display).

(a) General.

I The usefulness of an automated.data base is directly influenced
by the ease and timeliness with which the user can interact with it.
The primary device for user interaction is the- console. The system must
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lead the operator through each key step of the operating procedures.
For example, if function pushbuttons are used, the system could be pro-
grammed to light appropriate pushbuttons to show the operator his choice
of alternatives at each step In the procedure. In this case, the push-
buttons should be lit in a color selected to identify them as available
alternatives and to differentiate them from pushbuttons which are merely
activated.

2 The console operator must be able to add, delete, correct, move,
and deciutter (offset) any tactical situation display data item.
Instantaneous, visual feedback of the operator's actions is required for
all manipulations. Data manipulation requires a means for positioning
newly created or moved Items and also a means for Indicating which item
;n the display is to be deleted, corrected, moved, or decluttered.

3 There are two basic methods for positioning a data item. One
method is the use of a map background to "eyeball" the desired location.
This position is then indicated to the system by pointing. The other
method is by keyboard entry of the coordinates.. The console must give
the ocparator the option of using either method. The first method is
generally used when the exact location is not critical or when the
position needs to be determined through map inspection. Coordinate
entry is used for data items with specific coordinates. Coordinate
entry must not -equire grid zone designation (entry of grid zone desig-
nation sho.ld be optional). Additionally it must allow a 4-, 6-, or 8-
digit entry depending upon operator preference. The map currently
register3d and displayed can be used by the system to interpret the
coordinates entered by the operator.

4 The preferred method for the selection of items to be deleted,
corrected, decluttered, or moved is to point at the item. Ideally, the
operator should be able to indicate which item is to be manipulated by
touching It with his finger, provided the technology, cost, and com-
plexity of Implementation support this method. Other less desirable
(but state-of-the-art) methods for pointing are light pens and trackball-
or joystick-controlled ct.rsoe

5 The addition, deletion, correction, daclutter, or movement of
aisplay data items must require a minimum of operator effort and training.
There are three basic types of data items They are alphanumerics, mil-
irary unit symbols, and graphics. The tf'lowing procedures for the man-
ipulation of the three types of data items are meant to be a guide
rather than an absolute. The intent of each procedure is to provide
maximum ease of use.

(b) Data item creation. Data item creation should require a pro-
cedure similar ro that listed below:

I Press the CREATE data item pushbutton.
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S ~ 2 Select the categories the data item will be a member of by
pressTng the appropriate category pushbuttons. (See subparagraph (i)

[ I below.)

3 Press one of three data type pushbuttons: A/N, MILITARY SYMBOL,
or GRTPHIC.

4 Press the desired color pushbut ron (e.g., RED for red).

5 Point to the desired location on the screen or type in the
coordTnate Iocatfon. (There should be visual feedback whenever a coor-
dinate is typed to allow the operator to determine if the correct

L coordinate is being typed.)

i 6 Create the desired item by using the procedure discussed in the
f! following subparagraphs.

a Alphanumerics.

l() Alphanumerics are most effectively created with the ASCII key-
- board. A special key for the coordinate position dot associated with

some alphanumerics (e.g., e TANK, * TRUCK) must be provided, since the
ASCII period does not stand out and its location is generally not pre-
cise. A marker must appear on the screen to Indicate to the operator
the position of the next character to be added.

(2) The ability to space left, right, up, -nd down is required to
allow the operator to format the data item ro su~t nis needs. He must
also be able to Dackspace in order to make corrections.

b Military unit symbols.

(I) In creating military unit ,ymbols, pushbuttons should be used
to select a headquarters, center of mass, or trains symbol. If the
symbol is to depict a proposed or task force symbol, the appropriate
pushbuttons should be pressed. Branch duty symbol selection is then
accomplished by pressing a pushbutton. The following branch duty symbol
pushbuttons should be provided:

AIRBORNE ARMOR ENGINEER AIR DEFENSE
ARTILLERY AVIATION INFANTRY
AIRMOBILE CAVALRY MAINTENANCE
ANTITANK CHEMICAL PHYCHOLOGICAL OPERATIONS
FIELD ARTILLERY ENGINEER, BRIDGE SIGNAL
TRANSPORTAT ION

(2) At least 10 additional pushbuttons must be provided for oper-
ator created branch duty symbols. (See subparagraph (g) below for
creation procedures.) The operator must have the option of superimpos-
ing at !east two branch symbols (e.g., armor, infaniry) in the creation
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- of a military unit symbol. An easily identifiable point such as the
lower left corner of the flag should be established as the location of
flag symbols with no staffs. The system should lead the operator through
the addition of the left and right identifications and the echelon. A
marker must advance automatically to each of these locations. Each
location must allow for the entry of up to four ASCII characters.

c Graphics.

(I) The creation of graphic items such as boundý, ies, frontline
traces,- trench lines, and freehand symbols by a series of short line
segments must be possible by both pointing and coordinate locat,on. The
procedure should require only that the operator specify the points of
inflection, the end point, and the type graphic (solid line, dashed
line, trench symbol) being created. The following line-type graphic
symbol pushbuttons should be provided:

SOLID LINE DASHED LINE
TRENCH, BASIC SYMBOL TANK OBSTACLE, TYPE UNSPECIFIED
WIRL, CONCERTINA, SINGLE LINE OF CONTACT (defensive front-

line trace)

At least rwo additional pushbuttons must be provided for operator creat-
ed line-type graphic symbols. (See subparagraph (g) below for creation
procedures.) The system should automatically connect the points with
the line type selected. In the case where pointing is used to specify
coordinate location, it is desirable to have a rubber band line segment
effect which allows the operator to see where the line will be before
fixing the Inflection point.

(2) The creation of circles or ellipses should be Indicated to the
system by pressing the CIRCLE or ELLIPSE pushbutton. The operator then
indicates the radius or major and minor axes by pointing to their par-
ticular locations on the screen. A continuously visible size variation
ability at this point is desirable.

(3) The creation of individual graphir symbols such as mines and
controT points should use pushbuttons for the selection of the desired
symbol. The following graphic symbol pushbuttons should be provided:

OBSERVATION POST AMMUNITION SLIPPLY PO!NT, ALL TYPES
A COORDINATING POINT (combat service support installations)

MINE, ANTITANK AID STATION (combat service support
MINE, ANTIPERSONNEL installation)
POL POINT, GROUND (combat

A service support installation)
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' At least five extra pushbuttonr must be provided for operator created
Individual graphic symbols. (See subparagraph (q) below for creation
procedures.) The coordinate location of the symbols will be assumed to
be at their center.

7 If the operator desires to start over at any point, he should
only have to press the ABORT pushbutton. ThIs returns the console to
the operational state it was in before the CREATE pushbutton was pressed.

8 Press the COMPLETE pushbutton. This should leave the previously
selected CREATE, category, symbol type, and color pushbuttons lit. The
operator can then create several data items of the same type without

reselectiun. He should also have the option of reselecting categories,
qvmbol type, or color at any time before the COMPLETE purhbutton Is pressed.
The CREATE pushbutton will remain activated until the operator turns it
off.

(c) Data item correction. The procedure for correcting symbols in
a display should be similar to that listed in the following subparagraphs:

Press the CORRECT data item pushbutton.

2 Point out the Item to be corrected. (Visual feedback as to
which-symbol was selected should occur.)

.t3 Correct the symbol by using the procedure discussed in the
following subparagraphs for that type item. If a color change is all
the operator desires, he should only have to press the appropriate color
pushbutton.

a Alphanumerics. Alphanumeric correction must allow for advancing
K or backspacing to any character in the data item. A marker must indic-

ate which character will be changed if an ASCII key is pressed.

b Military symbols. The procedure for military unit symbol cor-
rection must also use a marker to indicate to the operator which portion
of the symbol the system is ready to change. The marker under operator
control either advances or backspaces through the parts which make up
the data item (flag, branch, identifications, echelon). This allows him

Z to change any or all parts of the item.

c Graphics. Line segment graphic item correction is much like the
correEtion of alphanumerics and military unit symbols as a marker
indicates to the operator which inflection point the system is ready to
change. The graphic type (i.e., solid line, trenches) is also subject
to change. Correction of circle radiuses or ellipse major and minor
axes requires indicating the new radius or axis by pointing to its
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location on the screen. Correction of individual graphic symbols (i.e.,
mines, control points) should only require pressing the pushbutton for
the desired symbol.

4 If the operator desires to start over again he should only have
to press the ABORT pushbutton.

5 Press the COMPLETE pushbutton. The console should return to the
operaTional state which existed prior to pressing CORRECT.

(d) Data item movement. The procedure for moving a data item
applies to all data types except line segment graphics and should be
similar to the procedure listed below:

SI Press the MOVE data item pushbutton.

2 Point out the item to be moved. (Visual feedback as to which
item was selected should occur.)

3 Point to the desired new location on the screen or type in the
coordTnate location. (There should be visual feedback of the coordinate
being typed.)

4 If the operator desires to start over at any point he should
only Nave to press the ABORT pushbutton. U

5 Press the COMPLETE pushbutton. The console should return to the
operational state which existed prior to pressing MOVE.

(e) Data item declutter (offset). The procedure for decluttering
a data item applies to all data types except graphics and should be
similar to the procedure listed below:

I Press the DECLUTTER data item pushbutton.

2 Point out the item to be decluttered. (Visual feedback as to
which item was selected should occur.)

3 Move the item to the desired new location. The item must appear
to move with the pointer. This helps the operator to position it in the
least cluttered area of the screen. A line will appear between the
Item's offset location and its true !ocation.

4 If the operator decides not to declutter the item after all, he
should oniy have to press the ABORT pushbutton.

5 Press the COMPLETE pushbutton. The DECLUTTER pushbutton should

remain activated until the operator turns it off.
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(f) Data item delete. The procedure for deleting a data item
applies to all data types and should be simillar to that listed below:

SI Press the DELETE data item pushbutton.

2 Point out the item or items to be deleted. More than one item
.*an be deleted at a time. As each item Is pointed to, it must disappear
from the display.

3 If the operator decides not to delete the items selected, he
should have the opt~on of pressing the ABORT pushbutton, thereby re-
storing all the temporarily deleted symbols.

4 Press the COMPLETE pushbutton. The console should return to the
o-eraTional state which existed prior to pressing DELETE.

(g) User created symbols. The user must have the ability to cre-
ate unique branch duty and graphic symbols to be used exactly like the
permanent branch duty and graphic symbols.

I Military unit branch duty symbols. The console must allow the
user To create at least 10 branch duty symbols. Each created symbol
must be associated with a particular pushbutton on the console. The
pushbuttons are used in exactly the same manner as the permanent branch
duty symbcl pushbuttons in the creation and correction of military unit
symbols. The procedure for creating additional branch duty symbols is
listed below:

a Press the CREATE SYMBOL pushbutton. This should cause an en-
larged military unit flag (rectangle) to appear on the console screen.

b Using the create graphic vector procedure, cr-Ate the desired
branch symbol as a series of short line segments inside the flag.

c Press the pushbutton the branch symbol is to be associated with.
The pushbutton should allow the operator to affix a copy of the symbol
to it. If a symbol has been previously assigned to this pushbutton,
t1is step replaces it with the newly created branch duty symbol.

2 Graphic symbols.

a The console must allow the user to create -t least five indi-
viduaT graphic symbols. As is the casc for branch duty symbols, each
created graphic symbol must be associated with a particular pushbutton
on the console. The pushbuttons are used in exactly the same manner as
the permanent individual graphic symbol pushbuttons in the creation and
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correction of graphic symbols. The procedure for the creation of addi-
tional graphic symbols is the same as the procedure for military unit
branch symbol creation. When the operator presses the CREATE SYMBOL
pushbutton, the enlarged rectangular format used in the creation of
millt3ry unit branch duty symbols provides the operator with a ready
frame of reference. Since the operator knows that the enlarged format
reduces to the size of a military unit symbol rectangle on a display, he
can create the desired graphic symbol to the appropriate size inside the
format.

b The console must also allow for the creation of at least two
line-Type graphic symbols. The created symbol must be associated with a
particular pushbutton on the console. The pushbuttons are used in
exactly the same manner as the permanent Hlne-type graphic symbol
buttons. The procedure for the creation of line-type graphic symbols is
the same as that used for the creation of military unit symbols and
individual graphic symbols. By using the enlarged rectangular format as
the frame of reference, the operator can create a repeatable element of
the r.-aphlc line-type symbol of the appropriate size inside the format.

(h) Backgrounds.

I Ideally, background map display should require the operator to
only Epecify the level of detail and the area of coverage desired.
Registration with the dynamic symbology should be automatic. If a
particular background is to be frequently displayed, the operator must
have the option of giving it an idantification label which will allow
its recall without the operator having to respecify the level of detali
and area of coverage. The currently selected categories of dynamic
symbology in a newly selected area of coverage must appear automatically.

2 The procedure for obtaining a desired map background should be

similar to that listed below:

a Press the SELECT MAP pushbutton.

b Use ASCII keys to type in the desired map identification label
if the map is one that has been Identified previously.

c If the desired map has not been identified, select the desired
detaiT by pressing t:.e appropriate pushbuttons (i.e., ROADS, GRIDS,
RIVERS, TOWNS). Type in the coordinate (grid zone designation and four
or six digits) for the extreme lower left and upper right corners of the
desired area of coverage.

d Press the SELECT MAP pushbutton again. This c.uses the desired
map to be 'spla J and the pushbutton to be turned off. (The map musý2
be displayed in 15 seconds or less.)
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3 The operator should be able to add or subtract map detail. This
shoulf only require that he press the appropriate map detail pushbutton
(i.e., ROADS, RIVERS, GRIDS, TOWNS). Detail will either be added or
subtracted depending on whether or not it Is currently displayed.

t 4 If at any time the operator wants to give a label identification
to the map currently displayed sc that it can be recalled, he should be
able to do so by pressing the ADD MAP ID pushbutton and then typing the
desired label on the ASCII keyboard. Map identification labels should

L be console peculiar (i.e., each console will have its own set of labels).
Other console operators will be able to retrieve a map identified on a
different console by using the appropriate prefix for that console.

s 5 The label of the map currently displayed should appear at a
pa-t-ular location on the display screen. If that particular combin-
aT on of detail and area of coverage has not been labeled, no label
should appear, A list of labels currently being used to identify maps
on that console should be available upon request of the operator. Maps

S1Fmay be deleted from this list by pressing the DELETE MAP ID pushbutton
and pointing to the label of the map to be deleted.

6 If the ideal background map display procedure described above is
not passible, discrete background maps, although not as flexible, offer

an alternate approach. If the user is given an infinite number of on-
line discrete background maps, he can approach the flexibility of the
ideal map described above. However, an infinite number of on-line maps
that have varying areas of coverage and different combinations of detail
is not realistic. Realizing this, the following considerations are
provided to assist in the specification of systems that use discrete map
background presentation.

a Each display system must have a number of discrete maps on line.
Each m-ap in the set must be available within 15 seconds. Initial regis-
tration and cataloging of a map must only require that the operator

; •point out two diagonally located grid intersections or two known (diag-
onally located) points and type in their coordindtes (grid zone desig-
nalor and 4, 6, or 8 digits). The group display will require a method
for indicating these two coordinate locations to the system. The oper-
ator must assign an identification label to the map so that it can be
easily recalled. This label must be visible whenever the map is dis-
played. Once the map is registered, it must not require registration
upon recall.

b Background orientation or scale must be immaterial when regis--
tering a map. There must be no requirement that the map be exactly
vertical or centered or that it have a particular magnification factor.
In addition, a means for easily chanqing on-line backgrounds either
singly or as a set must be provided.
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(I) Data category selection.

I The use of transparent overlays or "drops" is commonplace in a
TOC. Each drop depicts a specific data category or categories such as
friendly unit locations and boundaries and is placed over a hard copy
map. The drops can be viewed singly or in combination, one drop on top
of the other. The use of drops points out the user requirement for the
selective viewing of data.

2 An automated display system must be able to store and display
data Ttems by category. The use of categories is analogous to the use
of manual drops. The easy assignment of a data item to a category or
categories, along with rapid access to and display of data items in the
desired category or categories, is essential to effective user manage-
ment and analysis of data.

3 The system should provide for approximately 30 data category
pushbuttons on tne interactive graphic display console. If the display
system is interfaced with other systems such as TOS, some of these push-
buttons will be associated with standard categories to permit the effic-
ient transmission and receipt of data in the standard categories.

4 When a new data item is added to the system's data base, the
system must allow the user to specify which category or categories the
data item is to be stored and displayed under. It must be possible to
assign a data item to more than one category and to change the category
or categories of any displayed data item.

5 Data items associated with a particular echelon (e.g., hostile
and friendly units) may be required to be displayed by echelon for a
selected category. For example, a user may wish to display the category
containing friendly unit locations but want to see only those units of
brigade size or larger. A set of pushbuttons to specify the desired
echelons should be provided for this purpose.

6 It is desirable to allow the user the option of specifying the
time Trame for categories which he selects. An example of the use of
this option is the display of reported vehicular movement from (date
time group) to (date time group). If the option is not exercised, the
system displays all data for the selected category and echelon. The
time frame applies to all categories selected for display.

7 The procedures listed below are provided as a guide to data
catigory selection and category change. Initial assignment of a data
itr~m to a category is discussed in the procedure for data Item creation
(subparagraph (b) above) aniu the section on TOS message receipt (sub-
paragraph (k) below).
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�Ia Selection of data categories for display. (It is assumed that
the user has already selected and has displayed the map background area•"i of coverage.)

(1) Press the desired echelon pushbuttons ior the categories to be
displa-yed. The echelon selection applies to all displayed categories
which have echelon associated data items.

(2) Press the desired category pushbuttons. This cG.ses the dis-
play oTdata items in the desired categories for the specified echelon(s).
Pressing a category pushbutton which is lit disengages the pushbutton,
turns the light off, and causes all dala items belonging to that cate-
gory to be removed from the display.

b Changing the category of a displayed data item.

Y(i) Press the CHANGE CATEGORY pushbutton. This causes all cate-
gory pushbuttons which are lit to be turned off.

(2) Press the desired category pushbuttons.

(3) Point to the data item (or data items, if more than one data
item isto be stored in the new categories) on the display. (Visual
feedback to indicate the selected symbols should occur.)

(4) Press the CHANGE CATEGORY pushbutton. This assigns the selected
data iTems to the new categories. The light on this pushbutton turns
off, and the previously lit catec,"'y pushbuttons turn on.

(5) The user may press the ABORT pushbutton at any time during the
procedure. This returns the display to the state it was in before the
procedure was initiated.

(j) History s1u,-age.

I A means for storing display scenes is requ'red. Stored scenes
can be used for briefings on the large screen, unit historical data, and
the development of different plans and analysis. The user must have the
ability to manipulate the data items in any recalled scene. The system
must also have the capability to re-store these modified display scenes.
The procedure for storing display scenes should be similar to that
listed belo

a Press the STORE HISTORY pushbutton.

b Type a brief description of the scene that was stored. Visual
feedback of what is typed should appear on the lower edge of the scene.
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c The system adds this scene description to Its current listing of[stored scenes for that particular console.

d Press the STORE HISTORY pushbutton again. This completes the
storage procedure and the pushbutton light goes off.

2 The procedure for the recall of stored display scenes should be
similar to that listed below:

a Press the RECALL HISTORY pushbutton. A list of the currently
stored scene descriptions for that console is displayed. (If the con- .
sole operator wants a listing of another console's stored scenes, he
types that console's prefix.)

b Point to the scene description desired. The selected scene must
appeaFr within 15 seconds. Deletion of scenes in the list should only
require pressing the DELETE pushbutton and pointing to the appropriate
description.

c Return to the display shown prior to history recall is accom-
plished by repushing the on-off RECALL HISTORY pushbutton.

(k) Data item transfer to and from TOS.

I Each console must have the ability to send data items to, and
receive data items from, TOS. Update of the TOS data base should only
require that the operator press the TOS DATA pushbutton and point to the
data item(s) to be sent. The data items, along with their associated
free text, are sent to TOS when the TOS SEND pushbutton is pressed. t

2 TOS data is either received as a result of a standing request
for information (SRI) or a query from a particular console. The SRI or
query establishes the console data category or categories that incoming
data items are assigned to. When a data item is received, it is auto-
matically displayed and highlighted if it Is in the area of map coverage
displayed. It is displayed and highlighted regardless of the currently
sele:ted categories. The item continues to be highlighted until the
operator points to ii and presses an ACCEOT, SAVE, or REJECT pushbutton
to indicate that he sees the item. The ACCEPT pushbutton adds the data
item to the designated display categories. The SAVE pushbutton adds the
item to a special TOS save category. Data items in the TOS save cate-
go~y can be transferred to display categories at any time. The REJECT I
pushbutton deletes the Item. Blinking is an acceptable means for auto-
matic highlighting although any other means that is equally as attention
getting is acceptable. If a data item received from TOS is not in the
currently displayed area of map coverage, it appears and Is highlighted
the first time the operato- selects an area of coverage that includes
the item's location. Milii-ary unit symbols that have branch duty symbols
that are not contained in the permanent symbol generator must appear
with the first four letters of the branch duty inside the rectangle.
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3 When a TOS data item is 31 update to data already in the system,
Fm pressing the ACCEPT pushbutton causes automatic replacement of the
Sprevious Information. An example is the automatic update of a partic-

ular unit's location or the relocation of a particular boundary.

(I) Display transfer between consoles. The transfer of entire
displays from one console to another must be provided for. This can be
between consoles within an automated display system or between a console
in one system and a console located in another system at another echelon.
The iransfer will generally be in answer to a verbal request for specific
information. The procedure should only require that the operator obtain
the desired display in the normal manner, press a SEND DISPLAY push-
button, and type an identification for the console which is to receive
the display.

((m) Alphanumeric data associated with a displayed data item.

I Data items in tactical situation displays have associated data
which normally is not displayed with the symbol tha' represents the
item. This data is alphanumeric in nature. Exampies of this type of
data include the UTM grid coordinate(s) of the data Item and free text
remarks which elaborate on, the data item.

2 Frequently, the viewer of a tactical situation display wants
more specific information on a displayea data item. He may also wish to
provide his own comments to further clarify the display of the item. A
procedure currently used in TOC's is to code significant data items with
a number or letter. The numbers or letters are listed with the appro-
riate clarifying data on the side of the display.

3 An automated display system must have the ability to provide
additTonal data on any display data item upon user request. It must
also provide the user with the .3bility to add his own free text remarks.

4 To obtain additional data on a displayed data item or to add a
comment on the item, a procedure similar to that listed below should be
used:

a Press the EXTRA DATA pushbutton on the console.

b Point to the desired data item. This causes the display of a
three'part format. The display of this format must not replace the
graphic display. The format can be displayed on the same screen with
the graphic display or on a separate, but nearby, alphanumneric display
screen.
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(I) The first part of the format is automatically completed by the
system--and includes, as a minimum, the grid coordinate(s) of the data
item. Other data which can be included in this part of the format are

the date time group, the originator, and the reliability of the data.

(2) The second part of the format is provided for the entry of
optional free text remarks by the originator of the data item. If the
data item is transmitted from an outside soturce such as TOS, the send-
er's remarks (if any) are entered here. If the oata item is originated
by the display system user, his remarks (if any) are entered here.

(3) The third part of the format is provided for optional free
text remarks by the recipient of the daTa item. A data item transmitted
from an outside source has this part of the furmat for the display
system user's comments (if any).

c Type free text comments (if any) in the second part (originator)
or third part (recipient) of the format.

d Press the EXTRA DATA pushbutton. This turns the pushbutton
light-off and deletes the extra data format from the display.

(n) Miscellaneous controls. A number of control switches or knob,
are required on the interactive graphic display console. Many of the
controls directly affect the viewability of the display and have been
alluded to in previous sections. The controls must be on the console.
The console operator should nor have to leave his position in order to
reach them.

I The controls listed below must be included on the console:

a Dynamic symbology brightness control knob. Turning the knob one
way or the other increases or decreases the oveukaZ brightness of dis-
played dynamic symbology within the range from maximum brightness to the
dynamic symbology being completely faded from the screen.

b Map background brightness control knob. Turning the knob one
way or the other increases or decreases the ove/uJL• brightness of the

displayed map backgroind. The brightness is controllable from maximum
briqhtness to the map background being completely faded from the screen.

c Restart-reset pushbutton. This pushbutton is used when operator
o- system error causes the processor to halt. Pressing the pushbutton
causes a reload of the display program if necessary and/or resetting of
the program parameters to what they were before the halt. The system
must be operational within 15 seconds after this pushbutton is pressed.
However, return to full operational status within 2 or 3 seconds is
highly desirable.
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2 The controls listed below should be included on the console:

"a Color brightness control knob(s). One knob is provided for each
color-of dynamic symbology. The knob has the same function and range as
the dynamic symbology brightness control knob except that it controls
the brightness of an individual color.

b Map feature brightness control knob(s). These controls are
necessary If the ideal map background display is practical. One knob is
required for each color used to identify a specific map feature (e.g.,
roaus, vegetation, rivers). The function and range of the knob is the
same as the map background brightness control knob except tha' it controls
the brightness of an individual map feature color.

c Symbol size control knob. Turning the knob one way or the other
varies (within a specified range) the size of all data items except
line-type graphic items, circles, and ellipses. When the control is
used, all parts of the data items (e.g., the rectangle, the branch duty
symbol, the left identification, the right identification, and the
echelon) are either enlarged or reduced proportionally. Changing the
size of the syiabols must not change their apparent map locations.

3 Other controls may be required, depending upon the display
technique used. For example, individual dynamic symbology and map
background focus knobs may be necessary.

(o) Error notification.

I The display system must notify the interactive graphic display
console operator when he performs a step in a procedure incorrectly.
The notification means must be positively atten+ion getting, must be
rap'd, and must specify exactly what was done wrorq. An audio alert
such as a bell or buzzer should sound wher!3ver an error occurs. Incor-
rect attempts to recover from the arror cause addit;>-nal audio alerts.
An audio alert is preferable to a visual alert because it precludes the
possibility of the operator not detecting the error if he is looking
away from where the visual alert is located. Coincident with the audio
alert, an error message should be displayed at some standard location.
The error nessage display must not delete the current situation display.
The error message continues to be displayed until the operator performs
the correct step in the procedure or until he presses the ABORT push-
button at which time the error message is deleted and the display retur:.,
to the state il was in before the series of commands was Initiated.

2 The error message mu.,t tell the operator exactly what he did
wrong. The use of error codes which require the operator to look up the
code to determine the error is not user orie!,ted and is not acceptable.
Ideally, the error message s•,ould state what step of the procedure
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was performed incorrectly. For example, using the procedure outlined

for the creation of military symbols, an error message might read:

"Last pushbutton depressed was not branch duty."

(3) Group display output device.

(a) The group display device is operated from an interactive

graphic display conbole. Before a display can be shown on the device it

rmust be displayed on •he console. It Is then transferred to the group

display by pressing the GROUP DISPLAY pushbutton on the console. This

action causes both the map background and the selected dynamic symbology

to be displayed on the largr? screen. Once the transfer is Initiated,

the display must appear on the large screen within 15 secons. The

capabllitv to have the display appear within 5 seconds is highly desir-

able. Fifteen seconds is the maximum time that a user can be expected

to wait without inconvenience for a display to appear on the device.

(b) A number of control switches or knobs are required nn the

group display output device. These controls are required to improve the

viewabil!iv of 1he displayed situation. The controlq must be located

near the face of the srreen, for easy access to a briefer or

individual performina viewability adjustments to suit the au' . The

controls which should be provided with the group displa! outv device

are shown below. Each control has the same function (and range) as tfat

described for the interactive qraphic display console. Other control,:
may be requi-ed dependinq upon the diý,play technique.

I Symbol size control knob.

2 Dynamic symbolngy brightness control knob.

SMap backqround brigh- ,:; control knob.

4 Color briqhtness control knob(s).

5 Map feature briqhtness control knob(-).

(4. Map overlay input device.

fe) The map ov-rlay input device will bo used to input two typep

of frlhdlihrr qraphic data: overlay data and map featureq. All data

;tem,, -1re inpul as a -erie- of points. These pn;..ts will be atitomatic-
allI chrnnectPed by line seqments. Usp of the devico requires an inter-
active graphic display conýoie for menitoring the inlut. The procedure
snould be similar 'n that listed below:

SOn the conso'-, splect the d'-sired area of coverage for monitor-

inq the input. (Tnis should not have to be the exact area registered ,n
trw input devicp.)
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2 Press the OVERLAY DEVICE pushbutton on the console. This activ-
ates the map overlay Input device.

3 Press the desired graphic data line-type, the desired data
category, and the desired color pushbuttons on the console. All points
input from the overlay device are displayed and connected by the selected

Sgraphic line-type in the selected color. The line-type, the data cate-
Sgory, -nd the color can be changed at any time by pressing the appro-

priaie line-type, category, and color pushbuttons.

4 If the map on the input device is not registered, type *n the
grid Foordlnates of two diagonally located grid intersections and point
to these points on the map. This step should not have to be performed
again unless the map is moved or a new map is positioned on the device.

5 For each data item to be input, press the CREATE ITEM pushbutton
on the input device.

b Input the desired data item by pointing to the series of poirts
definTng the data item on the overlay. As each succeeding point is
selected, the resulting cumulative line segment should appear on the
console. If the operator is not satisfied with the last few line seg-
ments, he should be able to delete them by pressing the BACKTRACK push-
button. If the operator is not satisfied with the entire item, he

should have tne option of starting again by pressing the CREATE ITEM
pushbutton again.

7 Press the COMPLETE pushbutton.

8 Input additional items by repeating 5, 6, and 7 above.

9 After all entries have been made, the device is turned off by
leactTvating the OVERLAY DEVICE pushbutton on the console.

(b) The procedure outlined above can also be used for the inpui of
freehand graphic date directly frmn a map. As far as the device is con-

irned, it is immateria, whether the data input is from an overlay or
directly from the map as lonq as the user specifies the category un'ar
which each data itkv is to be displayed. Thus, the device can be used
to add additional detail to a displayed map background; for example,
outlining of a hill mass or showing an intermittent stream which, because
of recent wet weather, has become a significant obstacle to movement by
foot and vehicle.

(c) The map overlay input device can also be used for measuring
distances on a map. Distance -reasurement is commonplace in TOC plannina
and operotions (e.g., road move-.ent planninq). This device is a "natural"
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for distance measurement, since very little effort Is required to provide
this capability. The measured distances must be within 5 percent of the
actual distance. The procedure should be similar to that listed below:

I Press the OVERLAY DEVICE pushbutton on the console.

2 If the map on the Input device Is not registered, type in the
coordinates of two diagonally located grid Intersections and point to
these points.

3 Press the DISTANCE MEASUREMENT pushbutton.

4 Measure the desired cumulative distance on the map by pointing
to the start point, succeeding points of Inflection, and the end point.

5 Press the COMAPLETE pushbitton. This causes the distance measured
to appear in meters on the console screen.

6 Measure additional distances by repeating 4 and 5 above.

7 Turn off the device by deactivating the OVERLAY DEVICE push-
button. The map overlay input device provides an effective means of
inputting and displaying map features of particular Interest to a user.
The device in effect permits the input of map features which, when
displayed singly or in combination, allows the user to tailor the map
background to the situation. This means of Inputting map features to
the system has the potential for meeting the requirements for random
selection of map background area of coverage and level of terrain detail.
Thus, it approaches the Ideal solution to the map background problem.

(5) Map overlay output device.

(a) The procedure for producing hard copy on this device is siilar
to that used for outputting a scene to the group display device. Tha
scene must first be displayed on an interactive graphic display console.
The PRODUCE OVERLAY pushbutton on the console is then pressed. After
typing the desired number of copies, the console should be free to
return to other display functions. The time to produce one copy must
nol exceed 5 minute-. However, a time of I to 2 minutes per copy Is
extremely desirable

(b) The map overlay output device should be zapable of remote
operation. This allow- the transmission of overlays to lower echelons
which may not have an automated display system. This device may require
a small memnory unit or riffer to preclude tying up communication lines.

(c) 'he overlay reproducer can be used to aid CONOPS. Periodic
ootpits of important displays could be used whenever the system Is not
fully operational because of system failures or TOC displacement.

82



V I

(6) Printer.

(a) The line printer produces alphanumeric hard copy. The alpha-
numeric data Is either received from outside the system (e.g., a trans-
mission from TOS) or output from the system's data base. The hard copy

is used for historical purposes (log), for more detailed analysis within
the TOC, for dissemination to units or sections having no access to an
automated display system, or as an aSternative to displaying the alpha-
numeric data. it can also be used to aid In CONOPS by providing a
record copy. Examples of hard copy which could be output by the printer
include:

OPORD INTSUM SITRFP
TASK ORGANIZATION CHALLENGE/PASSWORD WEATHER DATA
TABULAR (CHART' DATA FREE TEXT MESSAGES FORMATTED MESSAGES

(b) None of the above require hard copy size larger than the
8-inch by 10 1/2-inch size used In the manual system. The printer
should provide hard copy in the size normally used In the manual system.
This will allow the hard copy to be reproduced on available reproducing
equipment (e.g., xerox, thermofax).

(c) The print area must be visible to the user. This precludes
the posslbility of output not being noticed by ihe user or his having to
advance the page to read newly received data.

(d) Print speed should be such that a full page of output with
single-spaced lines can be obtained within 30 seconds. Thirty seconds
is well within the capability of available medium-speed printers.

(e) Receipt of data from an outside ADP source must be automatic.
When the printer is activated, an audible alert (adjustable by the oper-
ator down to zero volume) must indicate to the operator that output Is
being printed.

(f) Output of alphanumeric data from the system's data base
should only require the display of the desired categories and pressing
of the PRINTER pushbutton. The pushbutton should remain lit until the
output is produced; then it s;'•uld automatically turn off.

(g) The procedure for inltlating printer copy fromn the interictive
graphic display console is not intended to restrict initiation of printer
copy to the Interactive graphic display console alone. Certain types oý
alphanumeric data may be better displayed on the alphanumeric display
console and then output to the printer by means of a pushbutton on the
alphanumeric display console.
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(h) Transmission of alphanumeric data from one display system to
another display syste•-s printer should be possible through the Inter'-
active qraphic display console. The procedure should only involve dis-
playing the appropriate categories, pressing a SEND ALPHANUMERIC push-
button, and typing the prefix of the printer where ouTput'is desired.

(7) Alphanumeric display console.

(a) The alphanumeric display console is the primary device used
for the Input, display, manipulation, and transmission of alphanumeric
data. Some of the functions the device should be able to perform are
listed below:

I Display of message formats which are used for data input into
the system, data input to TOS. and query of the TOS data base.

2 Display of alphanumeric data, to include tabular data, contained
in the system's data base.

3 Manipulation and update of displayed alphanumeric data.

4 Composition and display of free text data.

5 Transmission of formatted data to TOS.

6 Transmission of formatted and tree text data to another display
system's alphanumeric display console, interactive graphic display
console, or line printer.

7 Transmission of displayed alphanumeric data to an interactive
graohic display console of the display system.

8 Output of displayed alphAnumeric data on the system's line
printer.

(b) The procedures implemented to accomplish the functions listed
above must provide for maximum ease of use. The procedures recommended
for the interactive graphic display console should be referred to for
the degree of simplicity and user convenience that is desired.

(c) Certain design features should be incorporate-c to facilitate
operator use of the device. Examples of these design features are
listed below:

I Instantaneous visual feedback when a character is being typed or
a manipulation Is being performed so the operator can immediately see
the result (f his action.
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2 A brightness control with which the operator can adjust the
displa-y brightness to the ambient light environment.

3 A sitandard (typewriter) keyboard layout for convenient entry of
ASCII characters.

4 A control to shift left, right, up, or down.

5 Margin and tab controls to assist in formatting data as well as
completing blank formats.

6 A marker symbol to assist in positioning data by indicating
where-the next character will appear.

f. Reliability, availability, and maintainability.

"(I) Generai.

(a) An automated display system is required to operate in a field
environment, under all weather conditions. It must perform the display
functions associated with mission accomplishment for command and staff
personnel in a tactical operations center. Key components of the system
are required to operate continuously (24 hours per day, 7 days per week)
for varying periods. The system moves whenever the tactical situation
dictates that the TOC must displace.

(b) The display functions of an automated display system involve
the input, processing, manipulation, storage, retrieval, display, or
output of data contained in TOC working files such as the current
friendly and enemy situation files. The inability to perform one or
more of the above functions even for short periods (e.g., 10 to 20
minutes) degrades system performance, can affect mission accomplishment,
and is undesirable. Therefore, to perform satisfactorily In a TOC, the
system must meet high standards of reliability, availability, and main-
tainability. The equipment must be rugged, compact, lightweight, and
must not degrade mobil t ty of the TOC. The operational availability of
the system should approach 100 percent. This should take into account
both hardware and software caused failures.

(c) The following subparagraphs discuss from a user viewpoint the
reliability, availability, and maintainability requirements for compon-
ents of an automated display system. The requirements are based on
observations made during the experimentation and provide a point of
departure for refinement.

(2) Display processor.
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(a) The display processor controls --he operation of an automated
display system. The system components which It controls become inoper-
able whenever the processor falls. Consequently, the processor's
reliability, availability, and maintainability requirements are the most
stringent. Unlike any other component of the system, the processor is
required to operate on a 24-hour-per-day basis for long wlrods.

(b) Prevedtative maintenance actions are normally scheduled during
periods of expected decreased activity In the TOC. However, if It is
necessary to return to full operation when preventative maintenance is
being performed, it must be possible to complete or terminate the preven-
tative maintenance so that full operation is restored withIll 15 m!nutes.
The processor must be designed in such a manner that any unscheduled
maintenance action takes no longer than 15 rirnutes. This time is from
the moment It is first sensed that the system is down until the system
is again operational. The time inciudes fault detection, Isolation, and
correction as well as administrative and supply delays. Any time longer
than 15 minutes could severely hamper continuity of operations and could
force the user to revert to some other method of operation to replace
functions performed by the system.

(c) The time to perform unscheduled maintenance must not only be a
minimum, but the number of unscheduled maintenance actions occurring in
a given period must be as few as possible.

(3) Interactive graphic display console. The console is the
primary device used to interact with the computer and its data base. If
there are several consoles located within a TOC, the failure of one
console, although detrimental to the console user, would not result In
total system failure. For this reason, the rel!ability and maintain-
ability requirements for the console are not as critical as those for the
display processor. However, the reliability and maintainability of the
consoies should be such that principal users (i.e., G2, G3) of the
system are not deprived access to a console for more than 15 minutes.

ý4) Group display output device. The group display is used prima-
rily for briefings and group viewing. Since it is not interactive and
is only used as an output device, its reliability and maintainability
requirements are not nearly as critical as those of the display proces-
sor or consoles. However, to be useful and considered an asset by the
user, its reliability and maintainability must be high. Failures while
briefing the commander should happen infrequently. Downtimes longer
than 5 minutes have no real limit, although they should be reasonable
(i.e., not more than several hours). This downtime requirement stems
from the reality that the commnander, after waiting 5 minutes, will most
likely continue the briefing from d console rather than wait for the
group display to return to operation. When the group display is not
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actually being used for a briefing but is being used to display a situ-
ation of interest to a number of people In the TOC (e.g., the current
enemy and friendly situation), the temporary failure of the group dis-
play can be tolerated because the situation shown on the group display
can be seen on a console.

i (5) Map overlay input device. ULe of the map overlay input device
is not expected to be continuous; but when the device is required, its
availability and reliability must be high. Maintainability of the
device should be such that any unscheduled maintenance action does not
exceed 30 minutes. This is the maximum time that a user, can reasonably
be expected to wait if he has map or overlay data which he needs to
input to the system.

(5) Map overlay output device. Like the map overlay input device,
this device will not be in continuous use. However, it must have high
operational availability and reliability. Maintainability requirements
are the same as those for the map overlay input device; that is, any
unscheduled maintenance action should not exceed 30 minutes.

(7) Printer. The printer is normally on continuously, even though
it provides output at unspecified intervals. The two primary uses of
the printer are the "logging" of messages from ADP sources outside the
automated display system and the output of alphanumeric data contained
in the system's data base. Therefore, the operational availability and
the reliability of the printer must be high. Maintainability should be
such that any unscheduled maintenance action does not exceed 30 minutes.

(8) Alphanumeric display console. If there are several alpha-
numeric display consoles located within a TOC, the failure of one con-
sole, although detrimental to the console user, would not result in
total system failure. The reliability and maintainability of the con-
sole should be such that the principal users (i.e., G2, G3) of the
system are not deprived access To a console for more than 15 minutes.

2-5. TOS Materiel Need Groip Display Device (GDD) and Analysis Console
(AC) Characteristics.

a. General.

(1I) This paragraph orovides comments on the stated characteristics
for automated displays as listed in the DA approved MN for TOS documenf
dated November !972: "DA Approved Materiel Need for the Tactical Oper-
ations System (U); (MN for TOS (U)); Basic Document United States Army
Combat Developments Command intelligence and Control Systems Group; ACN:
15675; dated November 1972."
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(2) The TOS WN specifies two components that will be used to dis-
play data: the group display device (GDD) and the analysis console
(AC). The characteristics and associated rationale for these two compon-
ents are reprinted here directly from section Vi of the W for TOS as an

V aid to the reader. Each characteristic and its associated rationale is
fol owed by a comment. The comments are provided in the light of FMI16[1 experience and the experimentation findings relating to automated dis-
play systems in general. To obtain the full significance of the com-
men'rs, it is essential that the reader read paragraphs 2-3 and 2-4 of
this section.

b. Group display device.

(I) Quote and comment.

(a) Quote.
"(5) Group Display Device. The GDD is the automated
output of TOS that portrays friendly and enemy units,
locations, boundaries, zones, or areas on a tactical

map background. The device is used in the same manner
as is the current operations and planning displays:
for the conduct of current operations, to assist in
coordination, as a means of conveying plans and orders,
and to facilitate planned and future operations. The
GDD must be capable of displaying automated symbology
driven from the computer or inserted by the operator.
Provisions must be made for refreshing the data when
received; the device must also be capable of portraying
the sitliation on operator demand--showing units, loca-
tions, or maneuver traces applicable In the queried time
period. The operator must also be capable of portray-
ing or excluding any type of detail he selects, e.g.,
portray only armor units, infantry units of company
size or larger, artillery units within a specified
range of a selected ground point, etc. To provide for
continuity of operation in the event of failure of the
display or its associated equ;pment, provisions should
be included to provide hardcopy output oi the last
situation presented Drior to failure. Optimally. the
hardcopy output should be such as to permit manually
updating on the face thereof. The group display device
snal! have the following characteristics:"

(b) Comment. The GDD is used primarily for briefings and group
viewing. Therefore, there is no requirement for direct interaction with
the d&splay. Scenes shown on the display are created in advance on an .nter-
active graphic display console and transferred to the GDD when required.

88



Scenes transferred to the GOD can be recalled from storage (e.q., tape,
disk) or can be transferred from a current console display. Contr-1 of

st the GDD is accomplished through an interactive graphic display console.
The overlay reproducer requirement should not be associated with the GDO
requirement. The overlay reproducer should be a separate item of equip-
ment, and Its requirements should be stated separately.

(2) Quote and Comment.

(a) Quote.
"(a) Display Unit. The group display unit shall have:

I. Capability to dispSay alphanumeric, symbolic, and
graphic in+ormation from a digital data source onto
standard (1-50,000; 1:100,000; 1:250,000; !:1,000,000
scale) US Army map representation or tneir projec-"tis.
The device will also accommodate other maps, mosa~ics, or
photographs (or their representations) and will accept
nonstandard, shrunken, or stretched scales. It will
be capable of disp~laying individual sheets or arrays of
contiguous maps on which symbols are superimposed by
s-ignaling from i supported systom's computer.

RATIONALE: Maps, mosaics and photographs provide -ser
with flexI-ility of backgrounds required to provide
complete ad rapid analysis of the tactical szituatic'n.
The map sizes are the most common presently -aised sizes.
Arrays of contiguous maps wili reduce map switching
when the tactical situdt-ion is near the edge of a map
sheeT."

(b) Cofftenr. The GDD map requirement is identical To the inter-
active graphic display console map requiremenT. 13ee comment c --)(bi
below.) Any display on the console shoulWd be transfer.abi-e ro the large
screen and should appear as an enlarged cooy of the consodle aisplay.

(3) Quote and commenT.

(a) Quote.
"2. Capaoilitv of displaying from ZU (mnini~um• to
350 (maximum) dif+-erent symbolt !t operator ei-scretion
in near rel-time on a 4 x 4 fwtm imi-nnimum) t- a
6 x 6 fooT (maximum) area.

RATIONAIL: Two hundred symbols i- Me estima-1-r user
will havr- dispiayez tiG describe the tactic-ad i-uation.
Three hundred is the maximum the userf car amse d s111I
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"read" the screen. FM's 2130 and 2131 contain approx-
imately 250 symbols; the inclusion of an additional
29 topographic symbols leave a margin of 21 for expan-
sion to include emerging sensor symbology. The 4' x 4'
size Is for readability requirements while the 6' x 6'
size reaches the maximum acceptable weight for transport
requirements."

(b) Comment. The symbol capacity requirement is identical to the
interactive graphic display console symbol capacity requirement. The
number 200 to 300 is unrealistic. Most division tactical displays do
not contain more than 75 military unit symbols. In addition, not all
symbols in FM 21-30 are used frequently enough to justify inclusion in a
permanent symbol library. Only the most frequently used symbols should
be in the library. The user should be ahle to add other symbols Io
thTs library when required. The size of the GDD display image is depen-
dent upon the expected audience size and screen location (van, tent,
etc-!. For most division briefings, the audience size is not expected
to exceed 20 people. Rules of thumb indicate that each viewer requires
6 square feet of area: that the closest viewer be no closer +o the GDD
than twice the width of the screen; and the farthest viewer be no farther
from the GDD than five times the width of the screen. The larger the
screen, the larger the total area required (i.e., total area = viewing
area + unused area in front of the screen).

(4) Qu&-e and comment.

(a) Quote.
"3. A ;urface whereby symbols can be seen from minimum
distance of 10 to 15 feet in any lighting environment
ranging from total uosence of external light to direct
sunlight.

RATIUNtoLE: the 15' , is the estimated maximum
"tho user can be from the screen and still review the
tacticai SituaTion. The ten foot limit provides
ref.iwJity of displayed symbols."

(b) Connent. The requirement for view;ng in direct sunlight is
unrealistic. Even if the GDD is operated outdoors, a means of shielding
the display surface is acceptable. Subparagraph (3)(b) above discusses
the expected audience size for the group display and the rules of thumb
for deterrmining viewinq distance. Symbols should be fully legible from
tine m~ximum viewing distance.

(t) QuOTe and comment.
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(a) Quote.
"1"4. Capability of providing a hardcopy (transparent)

A • reproduction via the overlay reproducer.

RATIONALE: Provides for analysis and briefings of
the tactical situation away from the location of
the GDD. The hardcopier must operate in the same
environment as the GDD. Overlays must be able to
be used within standard size maps and grease
pencils."

(b) Comment. This characteristic should be listed with the
overlay reproducer characteristics instead of those for the GDD. (See
(28)(a) below.)

(6) Quote and comment.

(a) Quote.
"!15. Capability of displaying graphical situation maps
based on information from the data base and the Display
Control Console. Military symbols and abbreviations
should be displayed in accordance with FM 21-30,
FM 21-21, and AR 320-50. In addition, the display
will provide line segments, chords and conics.

RATIONALE: Provides flexibility and accurate, updated
information to the commandpr in symbols and abbrev-
iations familiar to him."

(b) Comment. The requirement for AR 320-50 is unnecessary. The
TOS data element dictionary establishes the legal words to be trans-
mitted to and from TOS. These legal words should be standard for all
Army ADP systems. FM 21-21 should reed: FM 21-31. The "display of
line segments, chords and conics" does not sufficiently describe the
requirement for display of symbology. See paragraph 2-6 of this section
for the recommended symbols.

(7) Quote and comment.

(a) Quote.
"6. A multicolor projection capability including,
aT least red, green, near-white and near-black.
Blua and Brown are required as soon as the state-
of-the-art permits.

RATiONALE: Enables the commander to assimilate and
analyze the tactical situation faster and easier.
The four colors Is the minimum needed for ease of
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distinction and analysis. Six is the mnaximum
controllable and distinguishable by the user."

"(b) Comment. Red, green, white, black, blue, and brown are the
current standard military map colors. Dynamic symbology shown against
the standard military map background must not blend with the map. It
should be highly contrasting. As least three colors for dynamic sym-
bology are required and up to six colors are desirable. Further Inves-
tigation is required to determine the best colors.

(8) Quote and coment.

(a) Quote.
"7. Capability of providing visual distinction between
friendly and enemy locations, and depicting specified
areas and differentiating them from the surrounding
terrain.

RATIONALE: The commander must be able to differentiate
between friendly and enemy forces."

(b) Comment. Color coding of friendly and enemy symbols is a
requirement. Shape in addition to color coding adds' little. TOC
personnel need to rapidly and unmistakably differentiate enemy symbology
from friendly symbology.

(9) Quote and comment.

(a. Quote.
"8. Incorporation of state-of-the-art micro-miniaturized
circuitry.

RATIONALE: Provides lightweight, electronic modules
that are maneuverable and maintainable in the field."

(b) Comment. Characteristics should not list a particular tech-
nology. The state-of-the-art is rapidly changing. The characteristic
should be more general and should state that the equipment should take
advantage of the latest state-of-the-art developments that aid in making
the equipment small, lightweight, rugged, reliable, maintainable, and
tnobi le.

(10) Quote and comment.

(a) Quote.
"9. A data update capability.

RATIONALE: Reduces operator involvement and human
errors, and will provide greater system flexibility."
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(b) Comment. Data on the GODD is updated by transferring the

latest display from a graphic display console.

(I11) Quote and comment.

:a) Quote.
"140. Compactness and be comprised of modular
components. It must be mountable in standard
vehicular mounted shelters normal to the eche!on
of employment.

RATIONALE: Modularity will facilitate mainten-
ance and repair."

(b) Comment. Concur.

(12) Quote and comment.

(a) Quote.
"II. A regenerative capability, allowing the infor-
mation on display to persist without having to
interrogate the computer.

RATIONALE: Requires integral display memory and
reduces operator involvement. Keeps the operator
from having to repeatedly query the data base for
the same information."

(b) Ccmment. A regenerative capability (e.g., refresh buffer) may
not be required for some techniques. The characteristic should read:
"The display on the GOD must persist indefinitely without access to the
CPU." If the symbols require refreshing, a dedicated refresh device
may be needed.

(13) Quote and comment.

(a) Quote.
"12. Capability of secure remote operation from the
computer via a data terminal.

RATIONAL: Provides system security between the GOD
and RCC/CCC."

(b) Comment. A display system contains its own processor. The

characteristic should read: Capability of secure remote operation from

the TOS computer via a doiJ terminal.

(;4) Quote and comment.
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(a) Quote.
"53. Capability of highlighting a set or combination
of symbols which are of special attention or require
immediate action.

RATIONALE: Provides easy recognition of critical
groupings or symbols."

(b) CcArent. Highlighting on a permenent basis is best done by
Ccolor. However, other techniques such as increasing the brightness of
the critica; symbols are acceptable. The preferred method for temporary
highlighting is to cause the critical symbols to blink.

(15) Quote and comment. A

(a) Quote.
"14. Capability of transmitting the display to any
other GOD or auxiliary device within the field
Army area. Will provide capability to display any
input from a connected auxiliary console display.

RATIONALE: Provides digital transmission. of
graphic information for liaison, coordination
and control purposes. Also provides hardcopy
reproductions of Auxiliary Console Graphic Dis-
p!ays "Auxlliary Consoles have no graphic
hardcopy capability other than this means)."

(b) Cormnt. This should be a console characteristic instead of
GDi characteristic. The graphic hardcopler should operate Independently
from the GOD.

(16) Ouote and -ommret.

(a) Quote.
"15. Capability tf functioning in the f1310 Army
electromagnetic environment and must not interfere
with other col located co~miunications-electronic
equipments and syste.s.3- The system must conply
with the eecromagnetic compatiblliiy requirements
of MIL STO-461A.

RATIONALE: Display device must not effect perfor-
mnence of existing, working electronic systems
within the field Army."

(b) Comment. No coairnnt.
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7 (17) Quote and co'~nerlt.

F (a) Quote,
"16. C npatlbi lity with state-of-the-art perdphera;
and centrai process i nq devices of ARTAOS ara- p, o-
SJected communications systsms of the timne frarrie.

RATIONALE: Insures easy fieldirN and interiecing
with existing ADP systems and comnunicationSnetworks /s-ystdms .!'

(b) Commnw.t. No wr'mmeri.

(18) Quote and comment.

(a) Quote.
"17, %n-qachine retationsviD wiIl be in accordonce
wTth human -engine•r•iný factors: standards awl user
ootrati4naaI rOquir•'oerxtý.

PATIONALE: -Requires develonrmnt of simple, easy
-- .nterfeces-hi ch-_ wit I reduce the time reni red
for cprera - -in'ervention-.

(b) Co-imnet. •he man-machine interface requiretneni, is etrer-u'elySimportant •nd needs to be more specific. See the procedures in sub-

paragraph 2-4e of this section.

(19) Quote and comment.

(a) Quote.
"18.__ Tte descin bes suueh that ite proposed dis-
play, when operated in conjunction wi-Th the digital
data source, complies with tne provisions of AR 530-4
and the NACSEMS 5100 Series.

RATIONALE: The display must comply with
ex'sting Army regulations and Federal Standards

Z" portainlng to signal security."

(b) Cosrwnenl. - go com. ent.

(20; Quote and comment.

(a) Quote.
"19. The ability to display a cursc- symbol to
position circles, vectovs, plotting points and

wsvmbois on the display surface.
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R.ATIONA~IX Allows the operator ro find, markF - and move (add, delete) items on the display
screen with a mintimum of searching and conf'~sion."

(b) Comment'. This recjuireownt is not necessary ýýr the -36D since
V-5-r the device is not req:.ired to bc interactive.

(21) Quote and comment.

(a) Quote.
"20. Random selection and disp lay of--any one map
under the control of either the- operatn;, or dclta source.

RATIONALE: Requires rapid map-changing. Gin he-
operator controlled for-corrections or magnificationi
-of map area or computer coinrol led to provide a graph-
fcal response to a query."

(b) C2omment. This map background 'is a part of any tactical sitfu-
ation display. As such, -thL-desired-map background should appear auto-
matically-when a display is transferred to the GM~.

(241) Quote and comiment.

(a) Quote.
"21. Will have the capabi-lity to display approximnteiyZ

-one-mfourth of the map area for 2X magti'fication of
t6o1h horizontal and vertical dimensions. This will
Dea real or near-real time capability,

RATIONALE: For det-ailed atialysis and control by M
commander-5. The magnification of map results in a
greater display of detail, especially needed! in
static tactical situations, "#'he response times
sho~uld he very near ihe query response timres given
in Annex A."

(h) Ooffmnet. The anility to providc map backgro'und magnil caion S
Sthe SIX) is desirable.5I

(235) Quote. ana comment.

"ý272_. D~istortion of the project-'~ map will be 0.0%V

RATIONALE: Provides an-accurate, rea-datyle map with

eas ily distinguishable symLols."
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1W) Comment. Minor distortion of the map background is only
gý• i important in its effect on the user's perception of dynamic symbol

placement accuracy. The characteristic appears to assume a projection
-technique as the means of displaying maps. The technique should not be
-specif led.

(24) Quote and comment.

(a) Quote.
"23. Provide for constant relative registration
of the computer driven display and the map back-
ground through magnification modes.

RATIONALE: Limits and ties the active display
distortion to Characteristic C(5)(a)22."

(b) Comment. In display systems evaluated during the test, the
S enlargement of an area of the map tended to improve the symbol placement
Az accuracy since inaccuracies are constant in relation to screen height

and width. Map magnification increases the physical dimension that
JIM 1,000 meters occupy, thus the symbol placement accuracy as perceived by

the eye is increased.

(25) Quote and comment.

(a) Quote.
"24. Highlight updated Information until acknowledged
by the operator.

Wk RATIONALE: Permits the commander to be advised
graphically of current events and highlight the
most recent for required review. After review and
acknowledgement, the highlighting can be stopped
and the correct symbol and color can be inserted
on the display."

(b) Comment. This requirement applies to the console, not the
CGDD.

ME (26) Quote and comment.

"M =(a) Quote.
"25. Capability for retaining the existing image

91 if the channel to the computer is interrupted. Also
desired is the automatic capability of reproducing on
the overlay reproducer all Information displayed
I rmmediately preceding a GDD or associated equipment
failure. While Jnciuslon of this capability may be
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presently prohibitive for economic reasons, it is
ih~herent in providing adequate continuity of

operations to support mission execution.

RATIONALE: Provides a degraded mode of operation
if disnlay device or data link fails. Insures
continuity of operations, limits loss of infor-
marion and limits the size of the manual backup
system."!

(b) Comment. GDD persistence for the purpose of CONOPS may not be
required. The local display processor provides CONOPS if the TOS data
link fails. The concept of using the overlay reproducer for CONOPS is
good. (See (28)(b) below.)"

(27) Quote and comment. I
(a) Quote.

"(b) Display Control Console (DCC)****."

(W Comment. The DCC is unnecessary. Control of the GDD is
through an interactive graphic display conso!e.

(28) Quote and comment.

S(a) Quote.
"1"(c) Overlay Reproducer. For the purposes of this
document, an overlay reproducer is defined as the
device which produces permanent, transparent over-
lays which 3re suitable for use with standard Army
maps, or their projections. The overlay will he
computer genarated and shall be capable of printing
al! symbols displayed on the GDD. The environmental
characteritics of the overlay reproducer are
identical to ihose required for the Group Display

for both storage and operating conditions. Overlays
should be on a single transparent sheet capable of
multiple reproductions to coincide with the size of
the display, any part thereof or the size of standard
Army tactical maps e.g., 22" x 29"; 28" x 36" is re-
quired for the l:l.CO0,O00 map. The overlay reproducer
shall have some method to distinguish between friendly
and enemy symbols.

RATIONALE: The reproducer produces graphic situation
overlays for use away from the device. Its application
in a tactical environment will require a hardcopy
capability. The overlay can be then used with a
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hardcopy Army map or hardcopy projection. Thus, it
is required that the overlay relate on a 1:1 ratio
with the correct map or ma') representation siz~e. R
The. data being printpd is from -the data base of the
GDD and controlled registration (1:1) is needr'd. The
reproducer is ,.iunted and oper-ated in the same
(or similar) locations as the main IOS complnents,
and must withstand the same .ýnvirornmental conditions.
Provides flexibility if the GDI) is in the maonifica-
tion mode'. More than onea overlay is needed if several
smaller unit commanders are to usýR the sameo arapntc
information."

(b) Commient.
MR4

NEY 1. The overlay reprodiucer is a separate device and should operate -
W ~independently from the G*U`V and the AC. The reproducer sihould be lesigned

to-produce overlays which are suitable tor use with slandard scak. oard
copy maps (not projected maps). The reproducer is requred t- nmak'e
copies of scenes displayed on the consoles rather than the GOD. (Any
scene on the GDD is first displayed on a console, then transferred -to
the GDt).) A multicopy ability is required. The size of the copy should

EA- be at least I meter by I meter. Thi- is the sh-e r-cqtired for a
_50-kilometer by 50-kilometer area of coverage ori a L:50,000 scale map.

N The misconception by specification wtriters that overlays should be the
size of standard military map sheets should be avoi~led. The size

- reali remnent must be based ujon i~e tactical area ef inierest. For a
division, this is approximatfely ."0 kilc'metersý by tý kilo~meters. The
hard copy reproducer shuuld be able to provide copy to any standard

429kmil Ilitary mar scale. The copy should be to1- scaie that it can be
overlayed on standard miiitary hard copy maps. O)verlays should be on
transparent -mnaterial so that mnap data can be s4een thin-ugh them. This is
not intended to exclude out-put on other mpterial ;uch as paper.

2. Overlays output in color are desirable. j,- ic-rst two. colors
are needed to differentiate between enemy and ieiysymbology. The
colors used should ha-'e a high degree of contrast1 to the paper map
colors. The overlay reproducer should be capable of remote operation.
This allows the transmission of overlays to lower echelons which -may not
have an automated display systrem. Such a device may req~uire a small
memory unit or buffer to preclude tyitq tip communication line -s. The
overlay reproducer can be used for CONOPS. Periodic outputs of importart
displays could be used during system performance degradation or dur~ng
TOG displacement. The statement "The overlay reproducer provides

W .15exibility if the GDD is in the magnificzition t-tde.'6 Is unclear.

c. Analysis console.
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(). Quote and comment.

(a) Quote.
"(6) Analysis Consol-e (AM). The AC wil I provide
the man/machine interface between the conmandpr's

staff and directly s,;pporting unit- and the c(cmputer/
data base. The device will operate as a qraphiral
display and an. alphanumeric input/outpul device
Iallowing the user accesq to the computer's data base.
The analysis console will consint of the following
modules."

(b) Comment. inne,-active qrziphic display con olve are the man-
machine interface hbtween the commander's staff and the computer- As
such, their capability for interacti-n with the computer is exi:e-,'ely
important. Procedures for inieractinq with the computer must be kept
simple. (See subparagraph 2-4e of this •ection.)

(2) Quote and comment.

%a) Qucte.
"(a) Map D;splay Module:

I. Will display Army maps, their repre~entation or
Their projection in a reduccd scale in .color on the
face of the display.

2. The displayed Army maps will bp both standard
TI:50,000; 1:100,O00; 1:250,000; 1:1,0(10,000) ane
non-standard (mosiacs, photographs or their repre-
sentatio,;s).

RATIONALE: To allow the user to view the tactical
situation on a standard Army map."

(b) Comment. The display of eap backgrounds on the interactive
graphic display console display surface is a requirement. Ideally, the
operator should be able to specify any area of coverage and desired
level of detail (e.g., roads, rivers, towns, grids). The area of
coverage should be displayed on the full image area of the screen by
only sperifying the coordinates of two diaqonel corners of the desired
area. This ability allows the user to obtain any rsze magnificatlon
that he desires at a given moment. The use of drlfal map data is one
way that this ýesired background ability could be ,,.compl ished. An
optical pro,),cilon technique with zoom and filt.ri'q capabilitips is
another way to attain this background coverage..

(3) Quote and comient. I
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1"3. WiI. provide randcwselction and display of -I _1

any one nmap under the contr.c,, of either the oper-
ator or data Aiource.

RATIONALE: Requires rapid map changing. Can be
operator controlled by corrections or magnif ica-
"tion of map area or computer controlled to provide
a graphical response to a query."

(b' Comment. Random selection of backgrounds i,; required. The
background selection should always be under user control, not data
source control.

(4) Quote and ccgrrnent.

(a) Quote.
"•4. Wif have the capability of 2X magnificalicn
SoTapproximately !!4 of the displayed area. Whi-'e
in magnification mode, the scale of the display
will be approximately equal to +he actual map scaie.
This will be a real or near real-time capability.

RAIiONALE: For detc."led analysis and control by
ccmmanders or staff personnel. The magnification
of map results In a greater display of detail,
especially needed in static tactical situations.
The response times should be very near the query
response times given in Annex A."

(b) Cnment. The ability to provide map background magnification
is required. Magnification should be no problem if the uýer is able to
"specify any e-ea of coverage.

(5) Quote and cormient.

(a) Quote.
"5. Geometric d0stortion of Ihe projected map will
b~e O).o% to 0.5%.

RATIONALE: Provides an accurate, readable map
with easily distinguishable symbols."'

(b) Comment. Minor dlstortion of the map ba.kqround is only
imporiant in its effect on the user's perception of dynamic symbol
placement accuracy. The characteristic appears to assume a projection
technique as the means of displaying maps. The technique shou!d not be
specified.
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(6) Quote and comment.

(a) Quote.
"(b) Graphic Display Modul!. Graphic Display Module
will:

I. Provide capabi!ity of superimposing dynamic
alphanumeric and graphic information on +he map
background.

RATIONALE: Required to provide the flexibility
needed and meet system functions for the Analysis
Console."

(b) Comment. The ability to display FM 21-30 slnboioqy on a map - |
background is a requirement. For specific requiremen%£, see subparagraph -
2-4b. ,

(7) Quote and comment. I

(a) Quote.
"2. Provide visual distinction between enemy aiJ
friendly forces. -

RATIONALE: To allow the commander or staff To Y
differentiate between friendly or enemy forces."

(b) Comment. Color is the bes, means of visual distinction. At
least three colors are required. Three colors allow friendly, enemy, I
and control measure syrbols to be color coded.

(8) Quote and comment.

(a) Quote.I
"3. Provide for constant relative registration of
the computer drivon display and the map background • I
thro.gh magnification modes. 1
RATIONALE: Limits and ties the active display dis-
tor-tio,- to characteristic c(6)(a)5."t

(b) Comment. In display systems evaluated during the test, The f
enlargement )f an area of the map tended to Improve the symbol placement |
accuracy since inaccuracies are constant In rela!icon to screen height
and width. Map magnification increases the physical dimlnsion that
1,000 meters occupy, thus the symbol placemznt accuro5cy as perceived by I

the eye is Increased.
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(9) Quote and comment.

(a) Quote.

"4. Display a cursor symbol (controlled by the
operator) to indicate the location for graphic
symbols on the display screen.

RATIONALE: Allows the operalor to find, mark and
move (add, delete) items on the display screen
with a minimum of searching and confusion."

(b) Comment. There are two basic methods for positioning a data
item. One method is the use of a map background to "eyeball" the
desired locition and then indicating this position to the system by
pointing. The other method is by keyboard entry of the coordinates.
The onsole must give the operator the option of using either method.

(10) Quote and comment.

(a) Quote.
"5. Display a "Marker" symbol (controlled by the
operator) re indicate the location where alpha-
numeric data is to be placed on the display screen.

RATIONALE: The cursor symbol Is ineffective for
noting the position of alphanumeric data, and
therefore a "marker" symbol is needed."

(b) Comment. A marker symbol is required to show the operator
where the next added alphanumeric character will appear or which alpha-
numeric character is to be changed or deleted.

(II) Quote and comment.

(a) Quote.
"6. Display two symbcl sizes whch conform to con-
ventional symbology (FM 21-30).

RATIONALE: To accommodate the different types of
display devices. Display of two symbol sizes allows
the capability to transfer displayed data to smaller,
remote screens."

(b) Comment. The symbol size should be variable upor operator
request. This will allow him to selecl the sl7z best suited for a
particular display scene. However, the console should be designled with
one optimum symbol size in mind. The primary constraints are Individual
symbol legibility and the number of symbols required to be displayed at
any one time.
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(12) Quote and comment.

(a) Quote.
"7. HignOight updated information until achkkaw 1 edq
by the operator.

RATIONALE: Permits thezcommander cr staff to be
updated graphically of current events and denotes
the most recent for required review. After review
and acknowledgement. -the highlighting can be
stopped and the correct symbol and color can be
inserted on the di!play. Provides interfacing
terminals which permit operation of device away
from vicinity of RCC or CCC."

(b) Comment. All data received from other ADP sources should be
highlighted upon initial dlsplay. At that time, the user should be able
to add iVt to his data base,-add it to a data category for review at a

time, o BFinking is an acceptable methodof 'high-

lighting. Any Other method which is equally as attenti6n getting is
acceptable.

(13) Quote and comfmnt.

(a) Quote.
"8. Highlight selected data. -(Data is pre-selected
by the operator into groupings.)

RATIONALE: Provides easy recognition of critical
groupings or Symbols."

(b) Comment. The ability to high/ight on a permanent basis is
best done by color. However, other techniques such as increasing the
brightness of the critical symbols is acceptable. The-preferred method
for temporary highlighting is to cause the critical symbols to blink.

(14) Quote and comment.

(a) Quote.
"9. Display selected characters, words, and lines
to aid in the composition of free text message.

RATIONALE: To aid the operator in the composition
-of fixed-format messages."

(b) Comment. Composition of alphanumeric messages (fixed or
variable format) is more efficiently done on a separate alphanumeric
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Ldisplay console. The graphic console should not be used routine!y to

format alphanumeric messages. However, alphanumeric data can be Input -
or called up and Jisplayed on the graphic console as needed.

[ (15) Quote and comment.

M (a) Quote.
_ "10. Have variable brightness/contrast of ýis-

played information.

RATIONALE: To allow the operator the ability
to adjust the screen brightness with relation
to the ambient light."

(b) Comment. Brightness control of each color of symbology and
W- the map background should be under user control. This allows the oper-

ator to subdue categories of information not of particular interest at
the moment in addition to adjusting for the ambieni light environment.'.

1(6) Quote and con',,ent.

(a) Quote.
"Ii. Display from 70 to 140 message formats
on call.

"12. Display (under operator control) a message
format directory or present key word groupings.

RATIONALE: To aid the operator in the composition
of fixed format messages."

(b) Comment. Graphic display consoles should not be used for
routine alphanumeric message entry. Composition of alphanumeric mes-
sages is more efficiently done on a separate alphanumeric display
console.

(17) Quote and comment.

(a) Quote.
"(c) Display module. Display module will be
identical to that of the LMIOD.

RATIONALE: MIOD Display Module meets alpha-
numeric Input/Output requirements of the analysis
console. (See MIOD rationale)."
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(b) Comment. This module is similar to the alphanumeric display
console referred to in subparagraphs (14)(b) and (16)(b) above.

(18) Quote and comment.

(a) Quote.
"(d) Memory Module. Must provide sufficient
storage to:

I. Produce and hold a flicker-free display(s).

2. Provide buffering between the data terminal
module and other component modules and devices.

3. Permit the Analysis Console to meet the
required capabilities.

RATIONALE: Storage requirements are dependent
on The design, configuration, and programing used
in the Analysis Console."

(b) Comment. Concur if the display technique for ftfe console is
one which requires memory to refresh the image (e.g., CRT). However,
other display techniques may not require memory integral with the con-
sole.

(19) Quote and comment.

(a) Quote.
"(e) Keyboard module will:

I. Permit the use of the Standard ASCIi 64 char-
acter subset and the use of necessary control
characters.

RATIONALE: Provides standardization of cha-.acters
and permits operator control over placement of
symbols and composition of messages."

(b) Comment. The 64-character ASCII set is required. The alpha-
numeric keyboard layout should be the same as found on standard type-
wri ters.

(20, Ouote and comment.
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11.Permiii 1he sele-'tio-n oi present or dynamic

d~splays by the over-ior, such as boundaries,
Sir coemy ECM and friendly atitenna sites, radiation

fallout contours, etr:.

IRAVIONALE: Pro)vides startint point for creating
iR ar-d analyzing fac.1 ;-31 situation displays asni

prmitsOALE: Psovrde operitator cn dspay overth
la~ter analyersis o; ac~ reprodulion o

in ý'b) ~~cefvr-tai mesags orequireentwa fro thuaent thie ctgr
select on foa-re dor.comuted i stoilrage." .-4 ftisscio.T

(a~bltYi vesryn C~ortntu.

(22) Q'uote anti comment.rt

(a) Quote.
"3.4 Permit inthepiantor ol trnmison of thte

RATIONAiLE: Permiles operator controi over ut-e

certin messages forause is vfro ohndeic

(b 1 Co".nert. Conc ur.

(23) Nuote~ and corownnt.

(a) Quote.
"Ill. Permit seletiaion of modansmoieraionofdt
-to the Cor~t ano~ othe rdeices

RATIONALE: Alrlows teoperaor cotrol avdrs one-
d-inpla at tie randiisinoshv.a" sratn

-~second display. Also allows Interaction between
the two displays for g~reater flexibility."
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%N) Comment. The cons:,lo shoiid have a separFfe area for dis-
playing certain alphanumeric data. It can De on the same s-reen as that
used for graphic displays, provlded It Is separato from the graphic
display; or it can be on a nearby seaerate screen. Data- dsplayed in
this area will include alphanumeric oatL associated with a disslaved
symbols such as its grid coordinaies, or free-text remarks per.aining to
a displayed symbol. Tabular chart data mray also be called up and dis-
played here. For routine :nout-output of alphanumeric messages and
data, a separate alphanumeric display console should be used.

(24) Quote and comment.

(a) Quote.
'6. Permit composition/entering and editingq of
aiphanumeric and graphic data.

RATIOALE: Permits operator control of message
senanig, preparation, revision or correction."

(b) Comment. A keyboard is necessary for interaction with the
display, Routine messages should be prepared at a separate alphanumeric
display console and not at a graphic console.

(25) Quote and comment.

(a) Quote.
"7. Permit positioning of a "marker" symbol.

RATIONALE: The cursor symbol is ineffective for
noting the ,osltlon of alphanumeric data, and
therefore a "marker" symbol is needed."

b6 Comment. A marker symbol is required to show the operator
w;here the next added alphanumeric will appear or which alphanumeric Is
to be changed or deleted.

(26) Quote and comment.

(a) Quote.
"8. Permit positioning of a cursor symbol by
a-track ball, joy stick, etc., or via input of
map coordinate values.

RATIONALE: Requires operator centrel using the
two most common position locators."

(b) Comment. Concur. See subparagraph (9)(b) above for cpnnt.

(27) Quote and comment.
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1'.Tab fucin to, be se ,iual or under
fortmat control.

S ~RATIONALE: Time and labor saving feature

accuracy."1

Wh Cowsent. This characteristic may not be required on a graphic

conl;olp keyboard.

(218) Quote and corNmer.-t.

GOt Quote.
* "jOD. Permit -,elective ins.ort/delete of characters,

f _1ý wrds, and lines (includingq punctuation and symbols)

to aid in the composition .)f messages.

RATIONALE: Permits, oDerator control of me:;-_ago
sending, preparation. revision or corro-cilon."

Wb Comment. This characteristic may not be require!1 on ri-raphir,
conqole keyboard.

4(29) Quoie and commwrent.

(a) Quote.
TV~ "I I. Permit "read-in" of curseor position (coordin-

afes)q drawing of vectors and circles; plotting
points, and symbols; deletion generation and relo-

I& cation of symbols; display of distances; acknowledqe-
ment of receipt of a message or display information.

RATIONALE: Applies to graphic data usinq common
symbols and inouts. Permit operator action on~
received me.ssages (for control purposes)."

(b) Comlment. The functions listed in this characteristic only
ZýW outline the basic interactive capabilities required of an interactive

diiplay console. For a more detailed description of the required
interactive capabilities, see subparaqraph-2-4e of this section.

(350) Quotp and comment.

(a) QUMie
"112. Provide control over audio/visual !.ignak<
whii~n pre-siepcted data categories are dik.playpd,
certain parameters are exceeded or a contro~l message
received. The operator can manually cancel the

__ Indicators by acknowledgement.
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RATIONALE: Certain data iA too important to
rely on the highlighting capability. The
specified data, the indicators, and the para-
meters are under operator control becausp each
A.C. user will have a different primary purpose."

W(b Comment. Concur.

(31) Quote and ;-omment.

Ua) quote.
"13. Start (initiate) hardcopy of a messaqe.

-RATIONALE: Permits operator control if over- *

riding of programed functions is required."•

% ' b) Comment. Concur- /L specific pushbutton (egPRINT) could

be used.

S~(32) Quote- and comme~nt.

"(a) Quote.
"(f) Control Module wilk;

-1I. Provide for activ-tiGn of audio and visual auomti
•- ~signals by operator or preselected categories.

RATIONALE: See. Characteristic c(6)(e)12."

Wb Comment. Some-audio and viq.ual signals will require automatic|

sy, (4r -act* (e.g., highlighting of a symbol newly input from TOS).

(33) Quote and comme nt.

• {(a) Quote.

112. Provide separate control over brightness/ .
contrast on the map background and the computer "
driven data.

RATIONALE: Environmental changes (sunlight,
darkness) require varyinq display Intensifies to
meet readability criteria." I

(b) Commtnt. Concur. Brightness control of each color of dynamic
symboloqy and the map background should be under user control. This
will allow the operator to subdue catpqories of Information not of
particular 'nterest at the morent. It will also atlhw him to adjust for
the ambient light onvironmpnt.
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(34) Quote and comment.

(a) Quote.
"3. Provide for control of traffic between
the modules of the AC.
RATIONALE: Permits orderly interfacing between

the modules that make up the AC."

(b) Comment. No comment.

(35) Quote and comment.

(a) Quote.
"4. Provide for selection of preset dynamic
dTsplays and capability to alter the displays
via operator control.-

I 1RATIONALE; Provides immediate correctional

capabilities to The operator. The operator
must only correct iniormation or data he origin-
ated and/or reviews before entry to-data base."

m(b) Comment. The ability to store and to display historical data
ME is a requirement. The ability to modify a recalled scene and re-store

the modified scene is also a requirement.

(36) Quote and comment.

(a) Quote.
"5. Provide for call-up of a message format
dTrectory (of 100 to 200 formats) and, at request,
call up any message format in that directory.

RATIONALE: Gives user ability to rapidly compose
messages for transmission. By reducing messaqes
composition time, TOS will require fewer AC's and
therefore, fewer users, resulting In e faster
response to queries."

(b) Conmment. Routine alphanumeric input or output is better done
from a separate alphanumeric display console; however, the graphic con-
sole should have this capability.

(37) Quote and commenl.

MYi
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(a) Quote.
"6. Provide for call-up of key word groups,
p-iority groupings, functional areas or any
other data configuration and display the
subset(s) of those groupings on request.

RATIONALE: Required to provide user with
access to the data banks. Allows user to
reference lists to help in preparing queries
and SRI's."

(b) Comment. If the data referred to In this requirement is

alphanumeric, the comment in subparagraph (36)(b) abovp applies.

(38) Quote and comment.

(a) Quote.
"7. Provide for call-up of a list of abbrevi-
ations to he used in composing messages or
displays.

RATIONALE: See Characteristic c(6)(f)5."

(b) Comment. See comment in subparagraph (36)(b) above,

(39) Quote and comment.

(a) Quote.
"8. Provide capability for updating symboloqy
as the new symbols evolve from the military
applicaTion of automation.

RATIONALE: Needed for readabiilty of AC and
adjustment of TOS to future developments,
%hould new symbols evolve."

(b) Comment. The operator must have the ability to create mlli-
tarv branch duty and graphic symbols that are not c,)ntained in the
,y,;tem symbol library. The operator should be abla to manipulate a
cre;,ted symbol in exactly the same manner as a symbol in the permanent

ymnhol library.

(40) Quote and comment.

(a) Quote.
"9. Frovide for storage of any display (operator
specif!ed display) for laler re-display.
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RATIONALE- Permits user to save a display and
eliminates later recreation, thus saving the
operator t s time. Storage can be done locally
or at the RCC."

(b) Comment. The ability to store and to display historical data
is a requirement. The ability to modify a recalled scene and re-store

the modified scene is also a requirement.

(41) Quote and comment.

(a) Quote.
"10. Provide local correction of data and on
command, alter the data base.

RATIONALS: Needed for system/data base pro-
tectfon %against 9 operator errors)."

(b) Comment. Concur.

507 (42) Quote and comment,

(a) Quote.
z 1111. Have the capability of both screens to be

s arately addressable by the operator.

RATIONALE: To allow the user to review and/or
compose 'wo separate messaqes simultaneously."

(D) Comment. The rationale should read: "To allow the user to

monitor the tactical situation while interacting with alphanumeric data.

(43) Quote and comment.

(a) Quote.
2F- "12. Control registration of computer generated

data with the map.

RATIONALE: Requires the display to hold and
maintain accuracies of read-in positions within
an acceptable limit."

(b) Comment. Concur.

(t4) Ouote and comment.

(a) Quote.
"(g) Power Unit Module will be similar to that
found in the MIOD.
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RATIONALE: To alo.i for sTandardization of
equipment within the -.ystem tPrough a standard-
ized power module."

(b) Comment. No commenit.

(45) Quote and comment.

(a) Quote.
"(h) Printer Module will be dentical to that
found in the MIOD.

RATIONALE: To allow for standardization of
equipment within the system through a standard-
ized printer m'odule."

(b) Comment. See subparagraph 2-4e of this 7ecfion for additional

printer requirements.

(46) Quote and comment.

(a) Quote.
"(i) Data Terminal Module. Data Terminal

Module provides for:

1. Transmission and reception of m.essages
from the RCC thru either wire or rau;o mediums.

2. Alternate transmission links to the CCC
or other RCC's when the primary RCC is down.

3. Full Duplex Operation.

4. Meeting requirements for data terminals (DT).

RATIONALE: Since an input/output device is used
in the field and subject to destruction, it must
use all available communications to provide
flexibility and reliability. Full duplex is
needed to meet the response time and eliminate
the need for extra AC devices."

(b) Comment. No comment.

d. Revision and update of the MN for TOS. The requirements In the
MN for TOS are in need of revision and update for several reasons.

(I) The flndings described In paragraph 2-3 of this section do not
support the envisloned role for the group display device and the analysis
console that is implied In the MN for TOS.
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(2) The requ;refients in the MN for TOS are incomplete. a '1i-
tion, some listed requirements are not fully explained while others are

not realistic. Furthermore, the FM 116 experimentation surfaced require-

ments which were not envisioned wh*en the requirements in the MN for TOS
were written.

(3) The listing of the requirements in the MN for TOS by functional
module is confusing. Some of the modules listed have no apparent cor-
respondinq physical device (i.e., the control module for the analysis
console). A better way to organize the requirements is to specify them

* .by physical device (e.g., group display output device, interactive
K 'graphic display console). The requirements for each device can be

L categorized by display characteristic (i.e., viewability of displayed

data; placement accuracy and display completeness; map backgrounds;
timeliness and ease of use; and reliability, availability, and main-
tairatility).
2-6. Specific Automated Display Requirements.

a. General.

(I) This paragraph states specific requirement- for an automated

Fdisplay system. The requirements apply to a display system for use by
S •+ Commanders, intelligence (G2), and operations (G3) staff personnel in

S N-V division TOC' s,

(2) The requirements are extracted from the narrative discussion
in paragraphs 2-3 and 2-4 of this sec'tion. No new data is -)resented.
The requirements and supporting rationale are individually identif!•d

kiland grouped by device (i.e., interactive graphic display console, group
Scdisplay output device, etc.). The list of requirements collectively

gathers all the requirements for each device aiscussed in paragraphs 2-3
and 2-4, and provides a ready reference for the interested reader.
Where applicable, each requirement and rationale is identified as belonq-

inq to one of five furctional categories:+I
(a) Viewability of displayed data (VDD).

(h) Placement accuracy and display completeness (PADC).

(c) Map backgrounds (Me).

(d) Timeliness and ease of use (TEU).

(e) Reliability, availability, and maintalnar'ility (RAM).

(3) The words "must" or "required" are used to indicate essential

requirements, and the words "should" or "de&Irabl," are used ;1o denote

requirement- which are considered highly desirable but not essential.
-l15



(4) Sinze this paragraph Is only a reorganization of the require-
ments discussed In paragraphs 2-3 and 2-4 of this section, the reader

Smay, if he desires, proceed directly to section M . Section III is an
evaluation of how well the three different automated display systems met
the specific requirements.

b. Automated display system (general).

(I) Requirement and rationale number I.

(ai Requirement I. An autxnated display system must satisfy
different users in a TOC.

(b) Rationale. The division G2 and the G3 are considered separate
users, since they have different information requirements. The require-
ments which must be met by the display system vary depending upon the
user. Thus, configur!r.on of the components required to satisfy differ-
ent users also varies,

(2) Requirement and rationale number 2.

(a) Requirement 2. As a minimum, an automated display system must
have two basic components. The first is a local display processor which
allows the receipt, storage, retrieval, display, and manipulation of
data. The processor also controls the operation of the other hardware
components in the display system. The second basic hardware component
Is the interactive graphic display console.

(b) Rationale. The functions that the processor must perform
dictate thal It be sc~arafe from the TOS central computer and that it be
dedicated solely to the operation of the display system. It is Inef-
ficient and Impractical to require the TOS central computer to do the
display data processing as well as conlrol all the dpvices of the system.
The problem is compounded when a number of display systems are linked to
TOS, thus multiplying the total number of devices to be controlled. The
sep3rate display processor is not oniv more user resoonsive, but It also
acts as the single point of contacl for interaction between TOS and the
display system. The display processor also facilitates "stand-alone"
operation of the system and provides a built-in CONOPS benefit. The
interact;ve graphic display console is th,. pr!mary tiser device for
display of, and interaction with, computer stored data. The console
fiatures which make this possible are a display surface dedicated to the
presentations of displays for a specific user; the conlrols, such as
keyboard, joystick, and light pen with which the user can recall,
create, modify, or delete displays; and a positive visual feedback on
the display surface which allows the user to monitor display manipula-
tion.

(3) Requirement and rationale number 3.
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5,

(a) Requirement 3. Software should receive first priority in the
development of an automated display system.

(b) Rationale. This does not mean that initial emphasis is to he
placed on developing detailed logic flow diagrams. Rather, detailed
answers should be obtained for the question: "What procedures should be

M • designed to permit the user to meet his requirementq with maximum ease?".
The answers to the question will define the software required. The

I software will provide vital guidance concerning hardware type and con-
figuration. This approach defines the user's needs and identifies the

software required to meet these needs before the hardware is procured.S• The logic of this approach is better than the common practice of buyingthe hardware and then designing software to fit the hardware. Addition-

ally, software comprises the bulk of system development cost, and
therefore, should receive priority.

(4) Requirement and rationale number 4.

S (a) Requirement 4. User comments must be actively solicited by
M •the hardware and software designers in all stages of system development.

(b) Rationale. The user is the most important element in the
successful design of an automated system. Violation of this requirement
could result in the fielding of a system which may be rejected in favor
of the current manual operation because it does not do what is wanted,
is too complicated to operate, or is simply too cumbersome.

(5) Requirement and rationale number 5.

(a) Requirement 5. An automated display system is required to
operate in a field environment, under all weather conditions. It must
perform the display functions associated with mission accomplishment for

Z command and staff personnel in a tactical operations center. Key cor-
ponents of the system are required to operate continuously (24 hours per
day, 7 days per week) for varying periods. The system moves whenever
the tactical situation dictates that the TOC must displace. The system

S, must meet high standards of reliability, availability, and maintain-
ability. The equipment must be rugqed, compact, lightweight, and it
must not degrade mobility of the TOC. The operational availability of
the system should approach 100 percent. This should take into account
both hardware and software caused failures.

W(b Rationale. The display functions of an automated display
system involve the input, processing. manipulation, storage, retrieval,
display, and output of data contained in TOC workinq files such as the
current friendly and enemy situation files. The inability to perform
one or more of the above functions even for short periods (e.g., 10 to
20 minutes) degrades system performance, could affect mission accomplih-
ment, and is undesirable.
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-(6) Requirement and rationale number 6.

(a) Requirevient 6. Procedures must be provided to fcl litate
continuity of operations during varylhg degrees Of system performance
-degradation and during -system displacement.II

(b) Rationale. The TOC must continue to operate during total or
partial system failure and during displacement.

I ~c. Display processor. .
(I) Requirement and rationale number I (RAM).

I (a) Requirement I. The display processor is required to operate
24 hours a day, 7 days per week, for varying periods.

(b) Rationale. The display processor controls the operation of an

automated display system. The system components which it controist become Inoperable whenever the Processor fail1s. Consequently) the
processor's reliability, availability, and maintainability requirements
are the most stringent.

(2) Requirements and rationale nurmoer 2 (RAM).

(a) Requirement 2. If it is necessary to return to full operation
when preventive maintenance is being performed, the preventive maintain-
ance must be completed or terminated so that full operation is restored
within 15 minutes.I!

(b) Rationale. Preventive maintenance actions are normally sched-
uled during periods of expected decreased activity in the TOO. However,
if activity should pick up, it must be possible to complete or terminate
the preventive maintenance so that full operation Is restored within
15 minutes. Any time longer than this could severely hamper continuity
of operations and could force the user to revert to some other method of
operation to replace functions performed by the system. "

(3) Requirement and rationale number 3 (RAM).

•I (a) Requirement 3. The processor must be designed in such a
manner that any unscheduled maintenance action takes no longer than

| 15 minutes. This time is measured from the moment it is first sensed
j that the system is down until the system Is aqain operational. The ti-e

"includes fault detection, isolation, and correcilon as well as adminis-
trative and supply delays.
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(b) Rationale. Any time longer than 15 minutes could severely
hamper continuity of operations and could force the user to revert to
some other method of operation to replace functions performed by the
system.

d. Interactive graphic aisplay console (individual display).

(I) Requirement and rationale number I (VDD).

(a) Requiremcnt I. The console must be able to display the
64-c:iaracter ASCII set; the FM 21-30 symbols listed below; symbology

"9 ' added to the symbol generator by the user; circles; ellipses; and free--
hand graphics such as symbols for boundaries and axis of advance. The
following symbols should be a part of the permanent symbol generator.
FM 21-30 Illustrates each symbol and provides examples of the use of theV •symbols.

Military Unit Symbols I

HEADQUARTERS
SCENTER OF MASS

TRAINS

NOTE: Military unit symbols must be displayed as actual or proposed.
In addition, they must denote whether thi represented unit is a task
force.

Branch Duty Symbols

AIRBORNE ARMOR ENGINEER
AIR DEFENSE ARTILLERY AVIATION INFANTRY
AIRMOBILE CAVALRY MAINTENANCE
ANTITANK CHEMICAL PSYCHOLOGICAL OPERATIONS
FIELD ARTILLERY ENGINEER, BRIDGE SIGNAL

TRANSPORTATION

Graphic Symbols

OBSERVATION POST AMMUNITION SUPPLY POINT, ALL
COORDINATING POINT TYPES (combat service support
MINF, ANTITANK Installation)
MINE, ANTIPERSONNEL AID STATION (combat service
POL POINT, GROUND (combat service support Ir'stallation) -

support Installation)
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Line-Type Graphic Symbols

SOLID LINE DASHED LINE
TRENCH, BASIC SYMBOL TANK OBSTACLE, TYPE UNSPECIFIED
WIRE, CONCERTINA, SINGLE LINE OF CONTACT (defensive frontline

trace)

(b) Rationale. Tactical situation displays require this symbology
as a minimum. The selection of the symbols for Inclusion In the perman-
ent symbol library is based on their expected frequency of use.

(2) Requirement and rationale number 2 (VDD).

(a) Requirement 2. A minimum of three colors is required. Three
colors allow friendly, enemy, and control measure symbols to be color
coded. Four to six colors are desirable. Color selection must be based
up.on obtaining a high degree of contrast in relation to the map back-grounds the symbols will be displayed upon.

(b) Rationale. Distinction of friendly symbols from enemy symbols
is possible on a one color display by means of shape coding. However,
the enhanced ability of the user to readily distinguish between color
coded enemy, friendly, and boundary data items at a glance is required
to preclude delay in their discrimination. Additional colors over and
above three allow the highlighting of selected symbols or the color
coding of particular categories of information. The selected colors
must stand out from the map background data. This enhances dynamic
symbol legibility.

(3) Requirement and rationale number 3 (VDD).

(a) Requirement 3. The operator should be able to easily identify
any symbol on the display while working under normal office lighting
(70 foot-candles at desk top level). Full legibility with desk lamps
only at each work space Is marginally acceptable.

(b) Rationale. The console will generally be located near other
staff activities which require at least 70 foot-candles of ambient light
on their work area to reduce eyestrain and fatigue. Also, the console
operator will be required to read printed or handwritten material during
the course of his duties.

(4) Requirement and rationale number 4 (VDD).

(a) Requirement 4. The symbol size should be variable upon
operator request. However, the console must be designed with one opti-
mum symbol size in mind.
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(b) Rationale. The capability to adjust display symbol size is
desirable but not absolutely necessary. It would allow the operator to
select the size symbol best suited for a particular display. One optimum
symbol size is required to facilitate the console design.

(5) Requirement and rationale number 5 (VDD).

S(a) Requirement 5. The console display area must be large enough
to display a tactical situation (maximum of 75 nilitary unit symbols for
a division) with a minimum amount of symbol clutter, but it must not be

F so large that it causes the operator undue eyestrain or head movement.

(b) Rationale. For a given distance from the display surface,
ihere is a limit on how much area an individual can see without undue
eye or head movement. Operator eye and head movement are influenced by
two factors: screen size and operator distance from the screen. It is
assumed that the screen will be localed within arm's reach of the operator.

(6) Requirement and rationale number 6 (VDD).

cernible flicker.

(b) Rationale. Flicker causes eyestrain.

(7) Requirement and rationale number 7 (VDD).

(a) Requiremeiht 7. The brightness of each color of dynamic symbol-
ogy and each color representing a map data feature should be controllable

by the console operator. As a minimum, the operator must be able to
vary the ovc-all brightness of the dynamic symbology and the overall
brightness of the map background.

(b) Rationale. Indiv;dual color brightness control allows the
operator to subdue categories of information which at a particular
moment are not of significant interest or which detract from other
information. Overall brightness control allows adjustment to suit the
ambient light environment.

(8) Requirement and rationale number 8 (VDD).

(a) Requirement 8. Fully automatic declutter (offset) without
affecting currently displayed symbols upon initial display (regardless
of whether manually created or received from TOS) of any symbol for a
military unit, spot report, sensor locat;3ns, etc., is required. The
declutter lines must be directly attached to the symbol.
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(b) Rationale. The operator should not be burdened with having to
manually decluiter newly entered symbols. Currently displayed symbols
should not be affected. This prevents the operator's perspective from
being upset.

(9) Requirement and rationale number 9 (VDD).

(a) Requirement 9. The operator should be able to cause a complete,
,3utomatic redeclutter of the display. The redeclutter should relocate
symbols based upon the criteria of the shortest possible declutter lilns
and no symbol overlap. Each symbol should be considered equally.
Priority of entry should have no effect.

(b) Rationale. The declutter of symbols In the display may at A
times become very unsightly due to long declutter lines. Autmoatic
redeclutter allows the operator to quickly obtain the best possible
display.

(10) Requirement and rationale number 10 (VDD).

(a) Requirement 10. Co-located military unit headquarters must be i
automatical!y stacked before being decluttered upon initial display. I

(b) Rationale. Stacking aids the user in rapidly distinguishing 2
headquarters which are co-located.

(II) Requirement and rationale number II (PAMC). I
(a) Requirement II. Data items superimposed against a map back-

ground on the interactive oraphic display console must appear to be no
more than l00 meters from the specified map location. This 100-meter
limit applies for any method of data item location: keyboard coordinate
entry, coordinates transmitted from an outside ADP source, points trans-
mitted from the map overlay input device, or direct entry by pointing to
the location on the console d!splay. The limit applies regardless of
the slze of the area of coverage beine viewed.S~i

(b) Rationiale. Current manual procedures for plotting symbols *

aqalnst the 1:50,000 scale standard military map have an inherent plot-
tinq accuracy. The averaqe individual updating a map in the TOG will,
with fpw exceptions, position a given symbol within 100 meters of Its
specified map location. Most display users in the -perations and intel-
ligence spctions of the TOC are concerned with the .ýffect that symbol
placement accuracy has on the evaluation of the positional relationships
of the displayed symbols. While some users may require qreater accuracy,
the inheront accuracy of manual map postlnq is acceptable to most users
in the TCK.
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'.12) Requirement and rationale number 12 (PAl)C).

(a) Requirement 12. Exact entry coordinates of data item locations
entered by keyboard or by coordinates from an outside ADP source must be
displayed upon request.

(b) Rationale. The user should always have the option of referring
to the coordinate that originated a data item's location.

(13) Requirement and rationale number 13 (PADC).

(a) Requirement 13. For data il;ms entered by pointing, as well
as locations entered via the map overlay input device, the coordinate
provided in reply to a query must be no more than 100 meters from the
data item's apparent map location.

S(b) Rationale. The input of data items by either of these methods

should meet the 100-meter accuracy requirement.

(14) Requirement and rationale number 14 (PAI)C).

(a) Requi.-ement 14. Data items located with single poinis must be
completely displayed if the point is inside the selected area of coverage.
This may require the automatic decluttering of the data item to ensure

that the entire item appears in the area of coverage such as when a
military unit is at the top edge of the background. If any part of a
multiple-point data item is in the selected area of coverage, that part
within the area of coverage must be displayed. The part to be displayed
Sm,j~t include all points of the daia item up to and including those at
the intersection of the item with ar, edge of the map background.

(b) Rationale. An incomplete display is unacceptable.

(15) Requirement and rationale number 15 (PADC).

(a) Requirement 15. Incoming messages (from an outside ADP
source) which contain branch duty symbols not in the system's permanent
branch symbol library, must display at least the first four alphanumeric
characters of the branch duty designation (from the incoming nessages)
inside the rectangle where the bran(.h duty symbol normally appears.

(b) Rationale. This precludes the requirement for the system to
contain all FM 21-30 branch duty symbols in its permanent library. Many
branch duty symbols are used so seldom that their inclusion in the
library would be vety inefficient from a software ind hardware design
stand-point.
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-16) Requirement and rationale number 16 (MB).

(a) Requirement 16. An interactive graphic display console must
be capable of displaying map backgrounds for the three uses described
below:

I Comprehension of +he overall situation. For this purpose the
user is not Interested In being able to read all detail on the standard
military topographic map, but he uses the map to provide general orien-
tation for the superimposed symbology. •

2 More detailed Inspection of the terrain at or in the vicinity of
a superlmposed symbol or symbols. In this case the user Is Interested
in a more exact relationship of the symbols to the terrain.

3 Terrain analysis without superimposed symbology. For example,
when selecting the best terrain upon which to establish a defense or
when plair ing a route of movement, the user wants to view the map back-
ground wi;i no superimposed dynamic symbology.

(b) Rationale. Map backgrounds are used in the TOC tor the three
purposes described. A map background is an essential part of any tac-
tical situation dOsplay. The display of the situation is relatively #
useless unless the symbology is superimposed upon a map background,
thereby orienting the symbology to the terrain.

(17) Requirement and rationale number 17 (MB).

(a) Requirement 17. Map backgrounds based on the UTM grid system
will normally be displayed on the console. However, the console should
be able to accomodate other military grid systems. The UTM grid system
requires that the console be able to display areas of coverage which
include the Junction of two or more map sheets and the junction of two
or more 100,000-meter grid zones.

(b) Rationale. Maps having the UTM gr- d system are used in TOO's.
Situation maps are frequently made up of two or more adjacent map sheets.

(18) Requjirement and rationale number 18 NMB).

(a) Requirement 18. The console must be able to display an area
of roveraqe large enouah to permit superimposing dynamic symbology for
most user tactical situations displays. User data indicates that an
area at least 50 kilometers by 50 kilometers is required for an overall
situation display of an armored or mechanized division. The console
screen must be designed to provide this area of coveraqe.
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(b) Rationale. The user must have a map background area of cover-
age of sufficient size to depict tactical situat t on displays.

(19) Requirement and rationale number 19 (MB).

r- • (a) Requirement 19. It-is assumed that the screen Is within arm's
reach of the operator. The operator must view the entire screen image[ • area from this-distance without undue eye and head movement.

S• (b) Rationale. The arm's reach distance makes any symbol on the
S •screen convenient to point at or otherwise interact with. Minimal eye

and head movement minimizes operator eyestrain and fatigue.

(20) Requirement and rationale number 20 (MB).

(a) Requirement 20. When the user changes the area of coverage
9 • displayed on the screen, user specified dynamic symbology in the new
ISE area of coverage must be automatically displayed on the new area at the

appropriate map locations. This requirement applies if the new area is
a magnification of a small portion of the old area, if it includes all

K or' a portion of the old area, or if it does not include any portion of
the old area.

area (b) Rationale. This allows the user to go from one background

re to another without having to recreate the tactical situation display.

(21) Requirement and rationale number 21 (MB).

(a) Requirement 21. Map backgrounds displayed on the console
screen must be fully legible under the ambient light specified in require-
ment 3 above for dynamic symbology legibility. Full legibility is
defined as the ability of the operator to easily identify each and every
item of map data displayed.

(b) Rationale. A data item which is not legible is of no Infor-
mational value.

(22) Requirement and rationale number 22 (MB).

(a) Requirement 22. The console operator should be able to vary
the brightness of each color representing a map feature (e.g., roads,
vegetation, rivers). He must, as a minimum, be able to vary the overall
brightness of the map background.

(b) Rationale. ThIs capability, combined with the ability to
independently vary the intensity of the dynamic symbology, allows the
user to concentrate on dynamic symbology or map data as desired.
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(23) Requirement and rationale number 23 (MB).

(a) Requirement 23. Ideally, the user should be able to obtain
-the desired area of background coverage by providinq the system with the
coordinates of any two diagonal corner points.

(b) Rationale. This allows the user to tailor the area to the

particular situation.

(24) Requirement and rationale number 24 (MB).

(a) F.equirement 24. The operator must have the option of numbering
or otherwise identifying a map background area which he defines by two
diagonal corner points.

(b) Rationale. This allows the operator to conveniently recall

specific backgrounds.

(25) Requirement and rationale number 25 (MB).

a (a) Requirement 25. Ideatly, the user should be able to tailor
the level of map detail to the situation by being able to display specific
map features (grid lines, roads, contours, rivers, etc.) individually,
or in combination, for the defined area of coverage. For each specific
map feature, the user should be able to select more or less detail
(e.q., grid lines I, 5, or 10 kilometers apart; primary roads only, or
primary and secondary roads; or contour intervals of 100, 200, or
500 meters).

(b) Rationale. This ability, along with the ability to specify a
map area of coverage by two diagonal corner point-, permits the user to
tailor a map background for any situation.

NOTE: A state-of-the-art technique which can be employed to display map
data is the use of discrete on-line backgrounds, selectively retrievable,
which contain variation in both area of coverage and level of map detail.
ThLA i66 ;ot the optimum Solttion hut may have to be accepted until
technology permits attainment of the ideal specified in requirements 23
and 25 above. If discrete-on-line backgrounds are employed, require-
ment, 26 through 32 apply.

(26) Requirement and rationale number 26 (MB).

(a) Requirement 26. The available backgrounds must be on-line and
retrievable within Ii seconds. The capability to retrieve and display
a background within 5 second- is htghly desirable. Additionall,, the
user must be able to add to or delete frm the number of available
backqrounds.

126



(b) Rationale. Rapid background changes provide flexibility.
Fifteen seconds is the maximum time that a user can be expected to walt
without inconvenience for the retrieval of a background.

(27) Requirement and rationale number 27 (MB).

(a) Requirement 27. Registration of a new background (i.e.,
defining for the system the limits of the area) must require the operator
to only point at and input the UTM coordinates of any two grid inter-
sections diagonally located In reletion to each other. The background
must not have to be exactly horizontal, vertical, or centered. Once

o registered, the background must be available for display wtthout re-
registration each time It is retrieved.

(b) Rationale. This provides the user maxlmum ease of use when

registering a discrete map background.

( (28) Requirement and rationale number 28 (MB).

A (a) Requirement 28. Backgrounds to be used for display of 'he
ov0aU.t division situation must have an area of coverage no less than
50 kilometers by 50 kilometers.

(b) Rationale. The required area of coveraqe for portraying most
S division tactical situations is at least 50 kilometers by 50 kilometers.

(29) Requirement and rationale number 29 'MB).

(a) Requirement 29. The map data on maps used for comprehension
of the o'eLaU situation (requirement 16) must be enhanced or highlighted.
Letters and numbers may have to be larger than those found -n the standard
Smilitary topographic map.

(b) Rationale. All detail on diqplayed map backgrounds must bp
fully legible.

(30) Requirement and rationale number 30 (MB).

S(a) Requirement 30. Backgrounds with selected combinations of map
detail are required.

(b) Rationale. Maps with varying levels of map detail provide
flexibility.

(31) Requirement and rationale number 31 (MB).

(a) Requirement 31. Background coverage overlap must he provided.
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(b) Rationale. This allows for continuity of background coverage
when changing background areas.

(32) Requirement and rationale number 32 (MB),

(a) Requirement 32. Backgrounds which magnify smaller portions of
the 50-kilometer by 50-kilometer backgrounds must be provided. A suffi-
cient number (four to nine may be sufficient depending upon The size of
the screen and the map area of coverage) of blowups shoild be available
so that the composite area of each 50-kilometer by 50-kilometer background
can be shown in magnified form. The blowups need not ovw-lap but must
contain no less detail than that found on the 1:50,000 scaii topographic
map. When the blowups are displayeJ, they must be fully legible.

IFI
(b) Rationale. These blowups provide the greater level of map

detail necessary for a more detailed inspection of the map background
data either with or without superimposed symbology.

(33) Requirement and rationale number 33 (TEU).

(a) Requirement 33. The console operator must be able to add,
delete, correct, move, and declutter (offseT) any tactical situation
display data item. Instantaneous visua! feedback of the operator's
actions is required for all manipulations.

(b) Rationale. Without the ability to manipulate data items, the '

console would not be an interactive device. Console ease of use is
greatly enhanced by the instantaneous visual feedback of all manip-
ulations.

(34) Requirement and rationale number 34 (TEU).

(a) Requirement 34. The console operator must have some means for
positioning newly created or moved data items. There are two basic
methods for positioning a data item. One lethod i- the use of a map

background to "eyeball" the desired location. This position is then
indicated to the system by pointing. The other method is by keyboard
entry of the coordinates. rhe console must give the operator the option
of using either method. The first method is generally used when the
exact location is not critical or when the position needs to be deter-
mined through map inspection. Coordinate entry is used for those items
with specific coordinates. Coordinate entry must not require grid zone
designation (entry of grid zone designation should be optional). Addi-
tionally, it must allow a 4-, 6-, or 8-digit entry depending upon oper-
ator preference. The map currently displayed can he used by the system
to interpret the coordinates entered by the operator.
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(b) Ratinl.,. Operator interaction with a tactical situation
display requires a ,•eans for positioning newly created or moved items.
Coordinate eotrj in accord with operator preference enhances system ease
of use.

(35) Requirement and rationale 35 (TEU).

(a) Requirement 35. Some means for indicating which item in the
f display is to be deleted, corrected, moved, or declutiered is required.

!he preferred method is to point at the item. Ideally, the operator
should be able to indicate which item is to be manipulated by touching
it with his finger, provided the technology, cost, and complexity of
implementation support this amethod. Other less desirable (but state-of-
the-art) methods for pointing are light pens and trackball- or joystick-
controlled cursors.

(b) Rationale. Data mbnrpulatlion requires a means for indicating

which data Item is o• be mart.iieted.

(36) Reqjirement and ratirale number 36 (TEU).

ta) Req,;urement 36. The s;ysem must lead the operator through
e.;Lh INe, step of the operating pr-:.-adure. For example, if function
puhbuttons are used, the system could be programed to light appropriate

k _ push'uttons ?o show the operator his choice of alternatives at each step
in !he procedure. In this case, the pushbuttons should be in a color
selected to identify them as available alternatives and to differentiate
them from pushbuttons which are merely activated.

(b) Rationale. This feature reluces procedural errors and the
amount of Instruction required for operofor training.

NOIE: The i-2 lowing procedure requirem-,ts (requirements 37 thro'igh 54)
are presented a,5 a guide ia0theA thay, at j F.'L1 &equ~fAemeknt6. The procedures
serve two purposes. The first purpose i5 to outline the intekaWve
capabitit.e6 that automated display systems must have t. effectively
assist the user in meeting his informition -lisplay requi,-ements. The
second purpose is to illustrate the degitee ou 6;mp!.ic.Ltq i•hat each
procedure should have. The two primary tacio. which must be considerei
in the design of operating procedures are the c•se with which the pro-
cedures can be learned and the ebse with which They can be used. It
will be noted that the procedures use function pw;hbuttons. The pref-
erence for pushbuttons is not intended ýo mean ihai pushbuttons are to
be used for every step in each procedure prescrited. in fact, the total
number of pushbut 4ons required may be excessive If pushbuttons are used
exclusively for the implemeritation of all the procidures presented.
Pushbuttons merely provide a convenient means of standardizing the
description of the procedures. A human engineering study is required to

4 determine the best design for incorporating the procedures to be used.


